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ELECTRICAL RESPONSES OF THE HUMAN RETINA?” 


BY LORRIN A. RIGGS 


Brown University * 
AND 
E. PARKER JOHNSON 
Bowdoin College 


INTRODUCTION 


For over 80 years it has been known 
that a momentary change in electrical 
potential arises in the retina of the 
eye upon stimulation by light. The 
usual method of recording this differ- 
ence of potential has been to make 
contact with the anterior and posterior 
poles of the eyeball. Early work on 
animal subjects, ranging from arthro- 
pods to man, has established many 
facts in connection with this electrical 
response, but has failed to reveal its 
exact nature or site of origin. 

Experiments on electrical responses 
of the human retina are nearly as old 
as those on animals. An obvious 
difficulty with using human subjects 
is the danger of painful irritation 
while making an electrical circuit 

1 A first report of the experiments reported in 
this paper was read at a meeting of the National 
Academy of Sciences in Washington, D. C., 
November 19, 1947. 

* The experiments were supported by a grant 
to one of the authors (L. A. R.) from the Penrose 
Fund of the American Philosophical Society. 

3 The experiments reported in this paper were 


performed in the Psychological Laboratories of 
Brown University in 1945-47. 


involving the cornea and some neutral 
point on the head. In 1941 (5) a new 
method was developed for recording 
electrical responses from the human 
retina. A contact lens was used to 
provide a stable electrical connection 
with the cornea, whose level of elec- 
trical potential is known to be gov- 
erned principally by the potential 
difference across the retina. It is 
possible by this means to make con- 
tinuous and reproducible records of 
the retinal action potentials developed 
in response to stimulation of the eye 
by light. 

Johnson (3) has used the contact- 
lens method to make a quantitative 
study of the effects of dark adapta- 
tion. He has expressed his data in 
terms of curves relating magnitude of 
response to time in the dark. These 
curves continue to rise over a period 
of an hour or more, accompanying the 
rise in visual sensitivity as dark 
adaptation proceeds. 

Adrian (1,2) has employed the 
usual moist-thread electrode in a com- 
prehensive series of qualitative experi- 
ments on the retinal responses of cats , 
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rabbits, guinea pigs, pigeons, monkeys 
and men. Adrian has established 
the fact that for the eyes of pigeons, 
monkeys and men, there are two 
principal components of the retinal 
response wave. The first component 
is rapid and diphasic. It is more 
apparent in response to light of the 
longer wavelengths and in the light- 
adapted eye. The second component 
is slower and monophasic. It is more 
readily aroused by light of the shorter 
wavelengths and in the dark-adapted 
eye. The first component has been 
attributed to photopic mechanisms, 
and is absent from the records of ani- 
mals having few cone receptors (cat, 
rabbit) or none at all (guinea pig). 
The second, or scotopic, component 
appears in responses from all of the 
animals tested, though its magnitude 
and latency may be reduced by light 
adaptation to such an extent that it 
resembles the first component. 

The purpose of the present experi- 
ments is to provide a series of quanti- 
tative determinations of the scotopic 
component of the human retinal 
response. To that end, a form of 
recording has been used which gives 
an undistorted record of the response 
wave. The fully dark-adapted eye 
has been used to obtain maximal 
responses. The reduced responses 
during light adaptation have also been 
recorded. The specific sensitivity of 
the eye to lights of various wave- 
lengths has been measured in order to 
compare this function with the sco- 
topic luminosity curve as obtained by 
the usual psychophysical procedures. 
The results obtained in all of these 
experiments support the conclusion 
that the major component of the 
human retinal response is scotopic in 
its characteristics. Minor differences 
in wave form have been noted, how- 
ever, in responses to lights of various 
wavelengths. These differences have 
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been attributed by Adrian (1) to 
differences in the relative contribu- 
tions of the scotopic and photopic 
systems. 


APPARATUS 


The apparatus used in these experiments has 
been described in detail by Johnson (3). Briefly, 
it consists of an optical system for stimulating 
the eye, recording electrodes, an amplifier, and a 
phetographic recording device. 


Optical system 

Light adaptation is secured by the use of a 
hemispheric field that may be completely illu- 
minated by white light of any desired intensity. 
This adapting surface covers most of the visual 
field. The test stimuli appear as added flashes 
of light at the center of the adapting field. 
Each flash has a duration of 1/25 sec. and is seen 
as a circular patch 7°30’ in diameter. A red 
fixation-point assures central stimulation. By 
the use of filters it has been possible to vary the 
intensity and wavelength characteristics of the 
stimulus flash. Farrand interference-type filters 
and Wratten ‘monochromatic’ filters have pro- 
vided stimuli which are confined to relatively 
narrow bands of the spectrum at selected points 
throughout the visible range from 400 to 700 my. 

The radiant energy delivered to the eye by 
any given flash of light is represented by the 
integral of the energies at all wavelengths 
throughout the visible spectrum. This has been 
computed, for each of the flashes used in these 
experiments, by finding the area under a curve 
relating energy level to wavelength. The pro- 
cedure used in computing this energy will be 
described more fully in a forthcoming article (6). 


Recording electrodes 


A plastic contact lens was fitted by an optom- 
etrist to the right eye of the subject. A hole 
was drilled through the corneal portion of the | 
contact lens at a point slightly nasal to the 
center. The hole was plugged with a disc of 
silver, to whose outer surface a flexible wire was 
attached in the manner described by Riggs (s). 
The inner surface was coated with a layer of 
silver chloride for use as the critical electrode. 
This surface was in direct contact with the 
physiologically isotonic fluid which was used to 
fill the space between the contact lens and the 
cornea. Hence, a constant, diffuse electrical 
connection was maintained with the anterior 
portion of the eye. A neutral electrode (which 
is also a chlorided silver disc) made similar con- 
nection with a fluid in contact with the forehead 
at a point above the right eye. It is the differ- 
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ence of potential existing between these two 
electrodes which is amplified and recorded. 


Amplifier and recording device 


Leads from the recording electrodes are taken 
to a high-gain, direct-coupled amplifier. The 
output of this amplifier is used to actuate the 
first element of the recording device, a General 
Electric loop oscillograph. A beam from the 
mirror of this oscillograph makes a trace upon a 
moving strip of photographic paper. The re- 
sulting records show the exact magnitude and 
wave-form of the retinal action potentials built 
up in response to the flashes of light. 

An important feature of the apparatus is its 
ability to make a faithful record of even quite 
slow potential changes. Adrian has pointed 
out that the scotopic component is of such long 
latency and duration that it is somewhat dis- 
torted by the type of resistance-capacity coupling 
that he was obliged to employ. The use of a 
contact lens in the present experiments has re- 
sulted in sufficient stability and freedom from 
electrode drift so that direct coupling has always 
been employed. 


PROCEDURE 


The general procedure observed in all experi- 
mental sessions was as follows: The electrodes 
were applied, and appropriate connections were 
made to the amplifier. After a period of dark 
adaptation, the white adapting field was turned 
on and adjusted to the desired level of brightness. 
(This step was, of course, omitted in the experi- 
ments on the dark-adapted eye. In the latter 
experiments the period of dark adaptation pre- 
ceding the test flashes was 40 min.) In the 
experiments on levels of light adaptation, a 
schedule was followed which provided at least 
15 min. in the dark followed by adaptation to 
the appropriate level of brightness of surround. 
A minimum of 15 min. of exposure to this sur- 
round was provided before the series of stimulus 
flashes was begun. 

Preliminary tests indicated that it was per- 
missible to deliver the brief flashes employed in 
this experiment at a rate of approximately one 
flash per min. for the weaker flashes and one 
every two min. for more intense ones. At this 
rate there was no danger of a decline in the 
sensitivity of the eye. The duration of each 
experimental session was about three hours. It 
was necessary to combine the results of several 
experimental sessions to obtain the desired 
coverage of intensities and wavelengths of 
stimulation for each level of adaptation. A 
very gratifying agreement was found from day 
to day in responses to a given stimulus flash. 
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Two young men with normal acuity and color 
vision served as subjects in these experiments. 


RESULTS 


Responses to white light 


Wave-forms of responses at various 
levels of light-adaptation.—Fig. 1 shows 
a series of responses to flashes of white 
light, as traced from portions of our 
experimental records. The five re- 
sponses at the extreme right of the 
figure were obtained after 50 min. of 
dark adaptation. The uppermost of 
these five responses was elicited by a 
flash having a brightness equivalent 
to approximately one and one-half 
million footlamberts.‘ This flash pro- 
duced a very large a-wave (downward 
deflection of short latency) followed 
by a b-wave (first upward deflection). 
The next lower record, elicited by a 
flash having one-tenth as much energy, 
exhibits a smaller a-wave. At still 
lower energies of flash, the a-wave 
disappears and the b-wave declines. 
The b-wave meanwhile is character- 
ized by an increasing latency and de- 
creasing magnitude untii finally no 
response occurs to flashes much less 
intense than those represented in this 
figure. 

The remainder of the responses in 
Fig. 1 were obtained while the sub- 
ject’s retina was being flooded with 
light from the hemispheric adapting 
field. It is to be noted that the 
magnitude of the response is marked!y 
reduced as the adaptation level is 
raised. Curiously enough, this de- 
crease in magnitude of response is 
now accompanied by a decrease in its 
latency. With a reduction in the 
intensity of the stimulating flash at 
any one level of adaptation the more 


* This brightness was computed by a method 
described by Johnson (3). It represents the 
photometric brightness of a field, viewed with 
the natural pupil, which would appear to be of 
the same brightness as this stimulus flash. 
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usual relationship (decreasing magni- 
tude of response with increasing 
latency) obtains. Another point 
which may be noted in connection 
with Fig. 1 is that there is a rough cor- 
respondence between the level of 
adapting brightness and the energy 
of a flash which is required to elicit a 
given height of response. 

Perhaps the most surprising result 
shown by Fig. 1 is that even moderate 
levels of light adaptation have almost 
obliterated the responses to very in- 
tense flashes of light. At a level of 
1.6 millilamberts (ca. 1.5 footlam- 
berts), for example, a flash almost 
10,000 times as bright (the one 
labelled .o1 in the figure) produces no 
measurable response. 

Magnitudes of responses at each 
adapting level—Fig. 2 presents some 
measurements of b-wave magnitudes 
for responses similar to those of Fig. 1. 
These measurements, particularly for 
the larger magnitudes of response, 
are somewhat arbitrary in the sense 
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that the height of the b-wave is obvi- 
ously cut down by the a-wave which 
precedes it. Some attempt has been 
made to allow for this factor by meas- 
uring from the trough of the a-wave 
to the crest of the b-wave. It is 
probable, however, that there is no 
simple significance to the upper por- 
tions of these curves. Nevertheless, 
the curves of this figure serve to show 
again the large extent to which even 
moderate amounts of light adaptation 
have cut down the magnitude of the 
response. 

Reduction in sensitivity of the eye.— 
It is obvious from Figs. 1 and 2 that 
the sensitivity of the eye has been 
progressively reduced by successively 
higher levels of light adaptation. 
We may derive a curve for sensitivity 
as a function of adapting level in the 
following manner: A response magni- 
tude of 58 microvolts is arbitrarily 
chosen as an effect which may be 
produced by an appropriate intensity 
of flash at each level of light adapta- 
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Fic. 2. 
adapted eye. 
lamberts respectively. 


Magnitudes of responses at each of five levels of adaptation. 


RELATIVE ENERGY OF FLASH 


Curve A is for the dark 


Curves B, C, D and E are for adaptation levels of .0016, .016, .16, and 1.6 milli- 
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tion. (Some of the considerations 
involved in the choice of this level of 
response have been described by 
Johnson, 3.) It may be noted that 
responses of this magnitude are suf- 
ficiently large to be clearly measurable 
on the records, yet small enough so 
that they consist principally of the 
b-wave, the ‘scotopic’ component.) 
At high levels of adaptation, a rela- 
tively high intensity of flash is re- 
quired to produce this effect, and the 
eye may be said to have reached a 
relatively insensitive condition. At 
low levels, and particularly for a state 
of complete dark adaptation, the 
reverse is true. 

Following the above line of reason- 
ing, we may define the ‘sensitivity’ 
of the eye, measured electrically, as 
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Fic. 3. Retinal ‘sensitivity’ as a function of 
level of light adaptation. Ordinate values 
represent log 1/E., where E, is the relative 
energy of flash necessary to arouse a 58-microvolt 
response at each adaptive level as indicated in 
Fig. 2. Abscissa values are log relative energy 
of adapting light, E, reaching the retina. These 
values are computed from the brightness levels 
of Fig. 2 by correcting for diameter of pupil at 
each level of brightness. Thus, the adapting 
brightness of 1.5 foot-lamberts corresponds to 
log E, = 1.71. 
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the reciprocal of the energy of flash 
necessary to arouse a response of 58 
microvolts. Fig. 3, derived from the 
curves of Fig. 2, shows a log-log plot 
of this ‘sensitivity’ against level of 
light adaptation.§ 


Responses to colored lights 


Wave-forms specific to the various 
colors.—Responses to restricted spec- 
tral bands of light have characteristic 
wave-forms. Fig. 4 shows typical 
responses of the dark-adapted eye to 
red, green, and blue stimuli. While 
the differences ‘are slight, they are 
consistent from experiment to experi- 
ment and from one subject to another. 
It is seen that the red light arouses an 
initial quick dip and rise (diphasic, 
‘photopic’ component of Adrian) 
which is not present in the other 
records. Responses to blue light are 


consistently free from this sort of 
initial effect, while responses to inter- 
mediate colors (yellow, green) show 


slight traces of it from time to time. 

Light adaptation produced changes 
in wave-form which were similar to 
those fon white light. It was not 
possible in these experiments, how- 
ever, to secure sufficiently intense 
lights of all colors to arouse responses 
at the higher levels of light-adapta- 
tion. 

Magnitudes of response to each color. 
—Fig. 5 shows the magnitudes of the 
principal (b-wave) component of the 
response to lights of various dominant 
wave-lengths. This figure is for the 
dark-adapted eye. It is seen that 
the shapes of some of these curves are 
not unlike that for white light (Curve 
A in Fig. 2). It is obvious, however, 
that blue and green lights are highly 


5 For the purpose of Fig. 3, it has been nec- 
essary to convert the units of adapting bright- 
ness into the same units of relative energy which 
were used to specify the intensity of the test 
flash, 
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Fic. 4. Responses of the dark-adapted eye to red, green, and blue flashes of light 


effective in eliciting the response, while 
yellow, orange, and red lights are 
progressively less effective. 

The effectiveness of each color in 
arousing a given level of response (58 
microvolts, as before) is shown in 
Curve A of Fig. 6. Values on the 
ordinate of this curve are derived 
from Fig. 5 and represent relative 
energies, in logarithmic units, to evoke 
the 58-microvolt response. Abscissa 


values are the wavelengths at which 
most of the energy is concentrated for 
a given filter combination. 

Curve B in Fig. 6 is a scotopic 
luminosity curve obtained by a con- 
ventional psychophysical procedure. 
The procedure was as follows: The 
filtered light emerging from the optical 
system was allowed this time to di- 
verge from the concentrated point 
normally occupied by the pupil of the 
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Fic. 5. Magnitudes of responses of the dark-adapted eye to 
lights of various dominant wavelengths 
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Fic. 6. Comparison of electrical and psychophysical data on the relative effectiveness of lights 


of various wavelengths. 
response of 58 microvolts. 


eye, and to fall on a white screen 
(MgO surface) several feet away. 
The brightness of the screen so illu- 
minated was in the neighborhood 
of 10 microfootlamberts, or not far 
above the absolute threshold for the 
dark-adapted eye. A_ semi-circular 
patch of this light was roughly equated 
in brightness to an adjacent standard 
semi-circle of white light. Curve B, 
then, represents the relative energy 
of filtered light at each wavelength to 
produce this scotopic match.® 
Although the two curves in Fig. 6 
are not precisely parallel, they serve 
to demonstrate that the electrical 
response and the scotopic luminosity 
curve have roughly the same peak of 
sensitivity in the neighborhood of 


*A more precise determination of this func- 
tion, using the same procedure with a number of 
other subjects, is described in a forthcoming 
article (6). This new determination is in sub- 
stantial agreement with that reported here. 


Curve A shows the relative energies of light required to elicit an electrical 


Curve B shows the relative energies of light required to obtain a bright- 
ness of approximately 10 microfootlamberts in the dark adapted eye. 


500 mu., While the number of ex- 
perimental points is small, there is 
some indication that Curve A for the 
electrical response indicates a rela- 
tively greater sensitivity to blue light 
than does Curve B, the scotopic 
luminosity curve. This is in spite of 
the fact that the intensities used in 
the electrical experiments are well 
above the photochromatic interval 
and might be expected to result in a 
photopic form of sensitivity curve. 
Such a curve would, of course, show a 
relatively low sensitivity to the blue 
and high sensitivity to the red end of 
the spectrum. All of our subjects 
have reported, indeed, that the red 
flashes appear very bright, even when 
they arouse but a small electrical re- 
sponse. The blue flashes, on the 
other hand, need not appear so bright 
in order to arouse large electrical 
responses. 
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Responses of the light-adapted eye to 
colored lights—It was our original 
intention to obtain comparable data 
on the electrical responses of the 
light-adapted eye to lights of various 
wavelengths. In this we have been 
only partially successful, since it is 
unfortunately true that even our very 
intense stimuli of the longer wave- 
lengths fail to arouse measurable 
responses while the eye is being 
flooded with light. Responses at 
very low levels of light-adaptation 
are similar to those of the dark- 
adapted eye, except that the response 
magnitudes are reduced in the same 
manner as shown for white light in 
Figs. 1 and 2. We have also failed 
to obtain responses for foveal stimula- 
tion alone. With the high intensities 
of light required to arouse a response 
under these conditions, there is almost 
certainly some scatter over the peri- 
pheral retina. 

Control experiments —A number of 
control experiments were performed 
to guard against certain obvious 
experimental artifacts. Deliberate 
winking on the part of the subject 
produced characteristic deflections 
which were easily distinguishable 
from true responses on the photo- 
graphic records. Deliberate eye 
movements and changes in accom- 
modation distance were also recorded, 
and were found again to have an 
entirely different pattern of response. 
The possible effect of a galvanic skin 
response under the neutral electrode 
was ruled out by the fact that no 
change in the response resulted when 
a mouth electrode was substituted. 

Stimulation of the other (left) eye 
produced no response unless the in- 
tensity of stimulation was extremely 
high. Barely noticeable responses 
under these conditions presumably 
represent reflex or conditioned winks, 
eye movements, or pupillary re- 
sponses, which are of negligible effect 
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when superimposed upon the large 
retinal responses obtained when such 
flashes stimulate the right eye. The 
possibility of a shutter artifact was 
also ruled out by the fact that a very 
dim flash, or none at all, produced no 
deflection whatever. 

In one experiment the pupillary 
and accommodative mechanisms were 
paralysed by the application of atro- 
pine. No effect was noted on the 
principal wave of the response. We 
may, therefore, conclude that the 
early portion of each record is not 
significantly influenced by the reflex 
activities of the intra-ocular muscles. 
The chief effect of atropine was to 
abolish the ‘c-wave’ of the response. 
This wave normally has the form of a 
slow rise above the baseline, beginning 
as the ‘b-wave’ declines and reaching 
a maximum about 0.5 to 1.0 sec. 
after the flash (see Fig. 4). Our 
tentative conclusion is, therefore, 
that this wave results from the pupil- 
lary or accommodative mechanisms. 

Perhaps the most convincing evi- 
dence that the responses are truly 
retinal is in the fact that they resemble 
so closely those of the excised eyes of 
animals, and even those obtained by 
applying electrodes directly to the 
retina without the complicating effects 
of other tissues (see Kohlrausch, 4, 
pp. 1416-1421). 


CoNncCLUSIONS 


The data reported above are con- 
sistent with the generally accepted fact 
that the principal wave of the retinal 
response reflects primarily the sco- 


topic system of the eye. The similar- 
ity of curves A and B in Fig. 6, ob- 
tained as they were by two very differ- 
ent techniques and at very different 
levels of stimulation, is evidence that 
the wavelength sensitivity of the 
electrical response is scotopic in 
character. The fact that the re- 
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sponse is nearly obliterated by a 
moderate level of light adaptation is 
consistent with the supposition that 
the scotopic mechanism has yielded 
to the photopic at this level. To the 
limited extent that responses to 
colored lights can be obtained in the 
light-adapted eye, no evidence of a 
Purkinje shift toward greater relative 
sensitivity to the longer wavelengths 
has been found. It seems clear that 
the method used in these experiments 
is capable of revealing the responses of 
the scotopic mechanism of the retina 
even at high intensities of stimulation. 
The results so obtained are not com- 
plicated by the intrusion of the 
photopic system or by the activity of 
higher visual centers. 

Our records have never revealed as 
large an initial (presumably photopic) 
component as those of Adrian. Our 
principal b-wave has always been 
larger than this initial diphasic effect. 
A partial explanation of the discrep- 
ancy may lie in the fact that the 
resistance-capacity-coupled amplifier 
used by Adrian would serve to favor 
rapid components over slower ones, 
while our direct-coupled system re- 
sponds equally well to all of them. 
It is probable, also, that individual 
differences among experimental sub- 
jects may account for some of the 
discrepancy, although later experi- 
ments have failed to reveal any very 
large photopic components in the 
responses of five other subjects (6). 


SUMMARY 


1. Oscillographic records of elec- 


trical responses from the normal 
human retina have been obtained by 
a technique which yields a faithful 
reproduction of the magnitude and 
wave-form of each response. 

2. When the eye is adapted to 
successively higher levels of field 
brightness both the magnitude and 
latency of the responses to a test 
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flash are markedly reduced. When 
the level of adaptation has been 
raised to 1.6 millilamberts (ca. 1.5 
footlamberts), the electrical responses 
are found to have disappeared almost 
completely. 

3. The response to red light includes 
an initial diphasic wave. This is 
never present in responses to blue 
light, but may appear in reduced 
amount in responses to lights of inter- 
mediate wavelengths. 

4. The specific sensitivity of the 
eye to colors (luminosity function) as 
revealed by this type of recording is 
similar to that of the dark-adapted 
eye as measured by the conventional 
low-level matching experiments. 

5. The quantitative data obtained 
in these experiments support the con- 
clusion that the principal component 
of the human retinal action potential 
is initiated by the scotopic system of 
the eye. Hence, the present tech- 
nique provides a means of isolating 
that system for study, even at high 
levels of stimulation. 


(Manuscript received October 22, 1948) 
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DARK ADAPTATION AND NIGHT VISION 
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INTRODUCTION 


Research on the facilitation and 
inhibition of sensation in one modality 
due to stimulation of other sense 
organs has had a long but controver- 
sial history. Of interest in this con- 
nection are a number of recent reports 
from Russian laboratories (6, 7, 8, 19) 
which claim to show enormous effects 
of intersensory stimulation on dark 
adaptation and night vision. Thus, 
Kekcheyev (7) reports, “Several 
months ago we experimented in ex- 
pediting adaptation by means of light 
muscular exercise. . . . Experiments 


made on ten subjects with the help of 
the adaptometer revealed that it was 


possible in this way to reduce the 
period of adaptation from 25-45 
minutes to 5-6 minutes.” In an- 
other article (6), the same author 
claims that “In some instances the 
period of adaptation dropped from 45 
minutes to 8 minutes” with combina- 
tions of gustatory stimulants. Kek- 
cheyev then goes on to say in the same 
article that auditory, olfactory, gusta- 
tory, labyrinthine, thermal, pain, 
tactile, proprioceptive, and interocep- 
tive stimuli produced changes in the 
sensitivity of the dark-adapted eye. 
This is summarized by his statement, 
“It can be seen, therefore, that excita- 
tion of any? receptor produces changes 
in the sensitivity of the dark-adapted 
eye”’ (6). 


1 This research was carried out at the Aero 
Medical Laboratory, Air Materiel Command, 
Wright Field, Dayton, Ohio, during the fall of 
1943 and spring of 1944. 

* Authors’ emphasis 


Other researches show that the 
‘sensitizing’ stimulus need not be 
sensed in order to change the visual 
threshold. Thus, it appears that 
ultrasonic vibrations (9), ultra-violet 
light (5), radio waves (21), and the 
geographical latitude of the labora- 
tory where tests are made (10), affect 
rod sensitivity. In view of these 
findings, it is perhaps not surprising 
to find that it is also possible to 
demonstrate sensory conditioning 
with the dark-adapted eye (8). Be- 
cause such sensory conditioning had 
presumably occurred during an in- 
dividual’s life-span, “the sensitivity 
of sight and hearing was modified not 
[only ]* by the influence of physical 
excitors themselves (light, sound, cold, 
mechanical action, etc.), but only* by 
the idea*® of the corresponding sensa- 
tions. The changes in one direction 
or the other were well marked and 
lasted for about half an_ hour.” 
Similar effects have also been reported 
by Lasareff and Dobrovolskaia (11) 
who observed that imaginary singing 
altered the sensitivity of the dark- 
adapted eye in the same way that real 
singing did. In this study, however, 
the changes lasted only a few minutes. 

These reports are so insistent and 
the claims so extravagant that it is 
somewhat surprising to find virtually 
no experimental work to test them. 
In part, this situation may arise from 
the fact that the Russian reports are 


* Authors’ insert 

‘The translation appears to be faulty here. 
The sense of this statement is more accurately 
conveyed by the word ‘even’ instead of ‘only.’ 
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The upper section contains the composite data of five series of dark-adaptation measure- 
ments for Subject C while he was smelling oil of wintergreen. 


The lower section contains data for a 


similar number of measurements obtained under control conditions. 


extremely skimpy in presenting data 
or details of apparatus and experi- 
mentation.® 

Studies from non-Russian labora- 
tories contribute little material rele- 
vant to this problem. Serrat and 
Karwosky (17) report that auditory 
stimulation produced no effect on the 
general or specific color threshold. 
It is not clear from their paper 
whether the subjects were completely 
dark-adapted during these trials, al- 
though it appears likely that they 
were not. Thorne (20) reports a few 
incidental measurements on the effects 


5 Attempts were made by the senior author 
to obtain this information in 1943 through 
military and diplomatic channels. These at- 
tempts met with no success. Somewhat more 
recently (December, 1947) the senior author 
attempted to communicate directly with Dr. 
Kekcheyev via the mails. The letter was re- 
turned unopened from Moscow. 


of auditory stimulation on absolute 
visual sensitivity. His findings ap- 
pear to show that the effects of audi- 
tory stimulation may be either facili- 
tatory or inhibitory. On the basis of 
his own introspections and a few ob- 
tained from the subjects, he concludes 
that “when the simultaneous stimulus 
is attributively strong enough to be- 
come the figure in the ‘perceptual 
figure-ground’ relationship, it raises 
liminal sensitivity or exerts inhibitory 
effect; when it continuously occupies 
the ground, it facilitates with result- 
ant lowering of threshold.” Di Gior- 
gio (2) reports that differential bright- 
ness sensitivity is increased following 
excitation of the vestibular mecha- 
nism. The illumination level is not 
specified but may be presumed to 
be above the cone threshold. The 
effect is transitory, since the differ- 
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ential threshold returns to normal 
within a few minutes. 

The most direct experimental evi- 
dence on the validity of the Russian 
researches comes from experiments by 
Rose and Schmidt (16). They stud- 
ied the effects of several factors— 
among others, light muscular exercise 
and stimulation of taste with sac- 
charine—on dark adaptation. Nei- 
ther kind of stimulus affected dark 
adaptation. The findings by Rose 
and Schmidt are at variance with re- 
sults obtained by Matthews and 
Luczak (14) who found that light 
muscular exercise favored dark 
adaptation. The magnitude of the 
effect depends somewhat on which of 
their data are taken as the control 
data. In any case, the maximum 


possible effect amounted to 0.65 log 
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units at 11 min. after the onset of 
dark adaptation and decreased there- 
after. Matthews and Luczak con- 
clude that the effects “are not nearly 
as great as those described by him” 
[Kekcheyev ].? 

In this article three experiments are 
reported. The first was made to 
determine whether smell (oil of win- 
tergreen), sound (1000-cycle tone), or 
internal stimuli (light muscular ex- 
ercise) have any effect on dark adapta- 
tion. The second experiment was 
performed to determine whether tac- 
tile or auditory stimulation has any 
effect on contrast sensitivity. The 
third tested the effect of similar kinds 
of stimuli on form discrimination at 
very low brightness levels. These 
experiments were done in 1943 and 
early 1944, but the results were so 
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Fic. 2. The upper section contains the composite data of five series of dark-adaptation measure- 


ments for Subject R while he was smelling oil of wintergreen. 


The lower section contains data for a 


similar number of measurements obtained under control conditions. 
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The upper section contains the composite data of five series of dark-adaptation measure- 


ments for Subject J while he was listening to a 1000-cycle tone. The lower section contains data for 
a similar number of measurements obtained under control conditions. 


uniformly negative that the data 
have never been summarized or re- 
ported. In view of the paucity of 
experimental literature on these prob- 
lems and the continuing flow of 
articles from Russian sources, the 
negative findings obtained in these 
experiments may be of some general 
interest. 


EXPERIMENT I 


Apparatus and Procedures 


The apparatus used in this experiment was 
the large Hecht-Shlaer adaptometer (4). A pre- 
adaptation period of three min. preceded all 
measurements. During the  pre-adaptation 
period, Ss fixated a white field about 35° in size 
with a brightness of about 1800 millilamberts. 
Threshold measurements were made with a 3° 
violet test light situated 7° nasally from a fixation 
light in the visual field. The stimulus light was 
interrupted for one-half sec. every sec. by a 


motor-driven, segmented disc in the light path 
of the adaptometer. Measurements were made 
about every two or three min. during the entire 
course of dark adaptation. Ss were allowed to 
determine their own thresholds by adjusting the 
optical wedge until they could ‘just see the 
flickering light.” The knob which controls the 
wedge from the S’s side of the apparatus is con- 
veniently \located near the eyepiece. This tech- 
nique differs from the usual procedures for deter- 
mining thresholds with this instrument. It was 
used to avoid any possibility that the data might 
be biased by £. During the initial stages of 
dark adaptation, the threshold changes so 
rapidly that it is impossible to use any complete 
psychophysical procedure because of the time 
required. In usual practice, therefore, E takes 
a rapid series of determinations with an ascend- 
ing and descending series of brightnesses and 
then estimates the threshold on the basis of the 
pattern of S’s responses. In this procedure 
there is at least the possibility that E might un- 
consciously bias the data in one direction or the 
other. Since the Ss had no knowledge of their 
results, and only minimum knowledge of the 
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purpose of the experiment, it seemed probable 
that they would be much less likely to introduce 
any bias into the data with the modified pro- 
cedure used in this study. The use of the 
segmented disc also had the advantage that 
determinations of the threshold were more rapid 
than when ordinary methods were used. Thus 
transitory changes would be more likely to be 
recorded. 

Six Ss were used in this experiment. Two 
were subjected to an experimental regime with 
the smell stimulus, two with the sound stimulus, 
and two with the muscular exercise. Each S 
yielded a total of 11 dark-adaptation curves on 
as many different days. The first day’s dark- 
adaptation measurements were used to famil- 
iarize the S with the apparatus and experimental 
procedures. The results obtained on this day 
were not used in the subsequent tabulation of 
data. The experimental and control tests were 
given in a balanced order to each S on the 10 
succeeding days. One S in each pair was as- 
signed the order: TCCTCTTCCT; and 
the other: CT TCTCCTTC, where the T 


refers to the test or experimental day and the C 
refers to the control day. In this, and the two 
experiments described below, Ss were always 
tested individually. 

The ‘sensitizing’ stimuli used in this experi- 
ment cannot, unfortunately, be described quan- 
titatively. In the olfactory experiments, the 
Ss inhaled the odors emanating from a small 
bottle containing oil of wintergreen. This odor 
is used for testing leaks in oxygen masks and is 
rather strong and pungent. It is not offensive, 
however, and cannot be described as overpower- 
ing. The auditory stimulus, a 1000-cycle tone 
of about 50 db. intensity, was produced by a 
Hewlett-Packard oscillator. For the muscular 
exercise the Ss were required to ride a bicycle 
ergometer. The exercise can best be described 
as being very light. None of the Ss reported 
fatigue after performing this exercise. 

In the experimental runs the Ss were exposed 
to the pre-adapting light, as is customary. 
Immediately following the preadaptation period, 
Ss were exposed to the ‘sensitizing’ stimulus, 
which was continuously applied throughout the 
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Fic. 4. The upper section contains the composite data of five series of dark-adaptation measure- 
ments for Subject S while he was listening to a 1000-cycle tone. The lower section contains data for 
a similar number of measurements obtained under control conditions. 


- - ee 


ee eS BA 








430 


entire course of dark adaptation. In the trials 
involving the light muscular exercise, Ss mounted 
the bicycle ergometer, rode it for about three 
min., dismounted, and made a threshold meas- 
urement. Following this measurement they 
again mounted the bicycle and continued ex- 
ercising for about three min. until the next 
measurement was taken. Because of the inter- 
mittent nature of this stimulus situation, the 
data obtained in the exercise trials are consider- 
ably fewer than in the control runs, and the 
threshold readings tend to occur at fixed time 
intervals 


Results 


The results of this experiment are 
shown in Figs. 1 through 6. There are 
a total of five dark-adaptation curves 
contributing to each set of control 
data and five dark-adaptation curves 
contributing to the data for each ex- 
perimental condition. There is no 
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evidence that any of the stimuli used 
in this experiment either facilitated or 
inhibited dark adaptation. The 
thresholds vary somewhat from day 
to day, as is to be expected, and differ- 
ences between the experimental and 
control runs are well within this 
normal range of variation. 


EXPERIMENT II 


The second experiment was de- 
signed to determine whether tactile 
and auditory stimuli affect low con- 
trast sensitivity. 


Apparatus and Procedures 


The apparatus used in this experiment was 
the Luckiesh-Moss Low-Contrast Test-Chart 
(13), illuminated to a brightness of 0.014 ap- 
parent foot candles. Ss read the chart from a 
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Fic. 5. The upper section contains the composite data of five series of dark-adaptation measure- 
ments for Subject F. Threshold determinations were interspersed with three-min. periods of light 
muscular exercise. The lower section contains data for a similar number of measurements obtained 
under control conditions. 
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Fic. 6. The upper section contains the composite data of five series of dark-adaptation measure- 
ments for Subject T. Threshold determinations were interspersed with three-min. periods of light 
muscular exercise. The lower section contains data for a similar number of measurements obtained 


under control conditions. 


distance of 10 feet after a dark-adaptation 
period of 15 min. Coincident with their reading 
of the chart, Ss were stimulated with either of 
two intensities of pressure or two intensities of 
sound. The heavy pressure was produced bv a 


TABLE I 


ExperRIMENTAL Desicn Usep In THE Stupy 
OF THE Errect oF INTERSENSORY 
STIMULATION ON CONTRAST 
SENSITIVITY 


The entries are the days on which the experi- 
mental conditions were presented. 








Experimental Conditions 





Subjects 
Weak | Heavy Light 


Sound | Pressure} Pressure Control 





4 
5 
2 
3 
I 

















TABLE II 


Numser or Correct Responses Mabe By Five 
Supyects in Reapinc THe Lucxtesu-Moss 
Low Contrast Test Cuart Unper Var- 

1ous EXPERIMENTAL CONDITIONS 








Experimental Conditions 





Ss iac 

Subjects a ae email Light 
Press- | Press- 

ure ure 














mental Days 





3 4 5 





Means z 21.8 | 20.2 | 20.2 
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500-gm. weight applied to the back of the S’s 
hand. The light pressure consisted of a 40-gm. 
weight similarly placed. The loud sound had a 
frequency of 3800 cycles per sec. and an intensity 
of about 70 db. The weak sound had a fre- 
quency of 2800 cycles per sec. and an intensity 
of about 30 db. 

The experiment was designed as a Latin 
square. Table I exhibits the experimental 
routine and is self-explanatory. Ss were tested 
on five consecutive days, and the order of pres- 
entation of the various experimental conditions 
was varied systematically from day to day. 


Results 


The results obtained in this experi- 
ment are shown in Table II, which 
reports the number of correct re- 
sponses made by each S in reading the 
chart under each experimental condi- 
tion. 

An analysis of variance was per- 
formed on the data presented in 
Table II, with the results shown in 
Table III. From this analysis it is 
significant 
source of variation was that between 
Ss. There were no consistent vari- 
ations from day to day, and the vari- 
ance which can be attributed to the 
different experimental conditions is 
less than the error variance. There 
can be little doubt, therefore, that 
the introduction of these stimuli into 
the Ss’ environment had no effect on 
their contrast thresholds. 


evident that the only 


TABLE III 


ANALYsIs OF VARIANCE OF THE 
Data 1n Taste II 








Estimated 
Population 
Variance 


Sums of 
Squares 


Source of 


Degrees of 
Variance 


Freedom 





Between Sub- 
jects 
Between Days 
Between Ex- 
perimental 
Conditions 
Residual 


328.64 
41.84 


28.64 
91.92 














* Significant at the one percent level 
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EXPERIMENT III 


The third experiment was under- 
taken to measure the effect of inter- 
sensory stimulation on form dis- 
crimination at very low brightness 
levels. It was originally planned as 
a large Latin square involving seven 
Ss and seven experimental conditions. 
Due to the pressure of other work, 
the experiment was terminated when 
it was about half completed. Al- 
though complete data are available 
for only three Ss, it seems worth- 
while to report them here since they 
contribute additional evidence on this 
general problem. 


Apparatus and Procedures 


The apparatus used was the Johnson Founda- 
tion Luminous Plaque Adaptometer. This 
instrument contained a luminous T which 
could be oriented in any one of four positions by 
E. Ata distance of six feet—the test distance— 
the T subtended a visual angle of 3°. Crossed 
polaroid discs permitted adjustment of the 
brightness of the test object from 4.2 to 2.8 
log wuL in steps of 0.2 log wul. A shutter 
obscured the test object between trials. 

Ss were dark-adapted for 30 min. by wearing 
red goggles in ordinary room illumination and 
for an additional 10 min. by sitting in total 
darkness. Ten presentations of the test object 
were made at each brightness level, starting with 
the highest. Trials were continued at suc- 
cessively lower brightness levels until the S 
missed six or more presentations at any level. 
The score is recorded simply as the number of 
trials in which the position of the T was cor- 
rectly reported. No fixation point was provided 
for the Ss; no time limit was placed on individual 
trials; and Ss were forced to guess whenever they 
were uncertain. 

The design of that portion of the experiment 
which was completed is shown in Table IV. 
Tests were made on eight separate days for each 
S. The first day was devoted to a lecture on 
night vision, demonstrations, and a practice 
test. Results obtained on this day were not 
recorded. Three of the stimuli used (oil of 
wintergreen, 1000-cycle tone, and exercise), were 
identical to those used in the first experiment. 
The new smell stimulus, oil of eugenol, was 
introduced by having the subjects inhale the 
odor from a small vial containing about three 
cc. of the liquid. Eugenol is derived from cloves 
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TABLE IV 


ExperimeNnTAL Desicn Usep 1n THE Stupy or THE Errects or Inrer-Sensory 
StimuLaTion oN Form Discrimination at Low Bricutnesses 


Entries are the days on which each condition was tested. 








Experimenta! Conditions 





Subjects 
Smell 
Wintergreen 


Smell 


Control Eugenol 


Taste 
Lime 


1000 ~ 
Tone 





5 


7 
I 














4 I 
I 4 
2 5 














TABLE V 


Number oF Test Osyects Correctty SEEN ON THE JOHNSON FoUNDATION 
ApapToMETER Unpver Various ExperimentaL ConpiITions 








Experimental Conditions 





Subjects 
Smell 
Wintergreen 


Smell 


Control Eugenol 





A 61 60 


B 45 55 
Cc 47 53 


64 
37 
53 





Means 








51.0 56.0 








51.3 

















or cinnamon and has a fairly strong but agree- 
able spicy aroma. The taste stimulus was 
administered by having Ss suck half a thin slice 
of fresh lime. The buzzer had an intensity of 
about 50 db. Stimuli were initiated five min. 
before the actual tests began. On the exercise 
trials, Ss were also instructed to squeeze a hand 
dynamometer gently between trials. 


Results 


The results of this experiment are 
shown in Table V and the analysis of 


TABLE VI 


ANALYsIs OF VARIANCE OF THE 
Data or TasLe V 








Estimated 
Population 
Variance 


Sums of 
Squares 


Source of 
Variance 


Degrees of 
Freedom 





Between 
Subjects 

Between 
Treatments 

Residual 


623.5 2 
66.6 | 6 


311.8" 


241.1 12 20.1 











* Significant at the one percent level 


variance of the data is shown in 
Table VI. Because of the incomplete 
nature of these data, the analysis 
may perhaps be suspect. Two alter- 
native analyses were also computed: 
(1) by extracting ‘between subjects’ 
and ‘between days’ variance, and (2) 
by extracting ‘between subjects,’ ‘be- 
tween days,’ and ‘between experi- 
mental conditions’ variance. No 
method of analysis yielded a ‘between 
days’ or ‘between conditions’ vari- 
ance which was even as large as the 
residual variance. There is not the 
slightest evidence, therefore, that the 
experimental conditions had any effect 
on this type of visual performance. 


Discussion 


Before performing the experiments 
reported here, we obtained about 20 
dark-adaptation curves under various 
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experimental conditions. These were 
not collected systematically and were 
in the nature of exploratory experi- 
ments. A variety of stimuli—smells, 
tastes, noises, pure tones, and exercise 
—was used in these preliminary trials. 
It is important to note here only that 
there was not the slightest evidence 
in any of these trials that intersensory 
stimulation affected dark adaptation. 

One difficulty with experiments of 
this sort is that the human body is 
always being stimulated, so that it is 
difficult to define precisely what con- 
stitutes a ‘control.’ Although at- 
tempts were made to keep the Ss as 
quiet and relaxed as possible during 
the control tests, the Es were not al- 
ways successful. For example, all of 
these experiments were carried out in 
a dark room which had fairly good 
acoustical insulation. On two oc- 


casions, however, loud noises due to 
an air hammer being used on nearby 
construction occurred during control 


runs. As another example, Ss sat 
in a swivel chair during the dark-adap- 
tation experiments. On one occasion, 
E discovered that the S had been 
vigorously swinging back and forth 
between threshold determinations. 
On still another occasion, one S re- 
ported extreme internal discomfort 
due to colonic distention. Fits of 
coughing and sneezing were occasion- 
ally noted and still other external and 
internal stimuli were undoubtedly 
impinging almost constantly on the 
Ss. The control sessions were de- 
signed to involve a minimum of ex- 
traneous stimuli, but these examples 
indicate that it is impossible even to 
duplicate the stimulus situation from 
trial to trial. The data from these 
disturbed control sessions were in- 
cluded as control data, since they do 
not differ from data in more placid 
periods. 

Some of the discrepancy between 
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the findings of this study and those 
of Kekcheyev et al. can perhaps be 
attributed to the way in which the 
two groups of data are reported. As 
has already been indicated, the data 
in the Russian studies are extremely 
skimpy, but those data which are 
given are reported in terms of retinal 
‘sensitivity,’ i.e., E (Empfindlichkeit). 
E was used by Aubert, Piper, Nagel, 
and other early German investigators 
in this field. It is defined as the recip- 
rocal of the threshold brightness of the 
light source. In his early work on 
dark adaptation, Hecht (3) expressed 
dissatisfaction with this measure be- 
cause (a) it did not lend itself to easy 
interpretation in theoretical analyses 
of the visual process, and (b) it 
greatly distorted the real nature of 
the dark adaptation process. The 
nature of this distortion is illustrated 
in Fig. 7. The upper chart shows a 
dark adaptation curve (solid line) in 
which threshold sensitivity is plotted 
along the ordinate in terms of the 
logarithm of the brightness of the 
just perceptible light. One ad- 
vantage of a logarithmic plot is, of 
course, that equal percentage changes 
are represented by equal linear dis- 
tances on the chart. 

It is generally agreed by workers in 
this field that dark adaptation meas- 
urements made during any one experi- 
mental session may easily vary in a 
random manner as much as 0.1 log 
units from the ideal curve. As a 
matter of fact, when continuous re- 
cording methods have been used for 
measuring dark adaptation, variations 
much greater than this have been 
observed (1). Deviations of +0.1 
log units are shown by the interrupted 
lines in the upper chart. Compared 
with the total range of dark adapta- 
tion, this amount of variation appears 
quite small in the logarithmic plot. 

The lower chart in Fig. 7 shows the 
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Fic. 7. The upper section shows an average dark-adaptation curve (solid line) with the normal 
limits of random fluctuations which can be expected during any one session (interrupted line). The 
ordinate scale is threshold brightness in log milli-microlamberts. ‘The lower section shows the same 
data plotted in terms of sensitivity, i.e., the reciprocal of threshold brightness. Note the distortion 
introduced by the latter method of plotting these data. 


same data plotted in terms of £, 
defined as the reciprocal of the 
threshold brightness. The distortion 
introduced by this method of graphing 
the data is immediately apparent. 
Changes in the sensitivity of the 
eye during the first 10 min. of dark 


adaptation—when expressed in E 
units—are so small that they cannot 
be graphed. Yet at 10 min. the eye 
can see a light which is one-tenth as 
bright as a light which can just be 
seen at one min. It is much more 
important for our purposes, however, 
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to notice the distortion introduced in 
the data for the terminal stages of 
dark adaptation. The normal o.1 log 
unit variations in threshold (shown 
by the interrupted lines) are greatly 
magnified in the plotof EZ. Expressed 
in terms of percentages—as many of 
the Russian results are—the upper 
limit of this variability at 40 min. is 
60 percent greater than the lower 
limit. 

Daily variations and differences 
between individuals are, of course, 
considerably greater than those dis- 
cussed above. In Piper’s classical 
data (15), for example, the difference 
between the lowest and highest E 
values for his 17 Ss is enormous— 
amounting to about 592 percent. 
Expressed in log units, however, this 
is a range of about 0.79 log units, and 
is roughly comparable to the range of 
thresholds found in large samples of 
normal individuals (18). 

Many of the Russian results are 
expressed as percentage changes in 
E from the control to the experi- 
mental conditions. In the study by 
Lasareff and Dobrovolskaia (11), for 
example, singing, real or imaginary, 
produced changes in E which amount 
to about 40 percent. In one of Kek- 
cheyev’s studies (6), smelling oil of 
bergamot increased sensitivity by 15 
percent. In another article (§) which 
summarizes a number of researches, 
the greatest effect reported for any S, 
with any kind of simulus, was an in- 
crease in E from 1.69 to 7.70. This 
is an increase of 0.65 log units. It is 
impossible to determine from any of 
the Russian studies precisely how 
much variation in E was encountered 
in any control run. From the analy- 
sis presented here, however, it is at 
least plausible that most of the changes 
they report fall within the range of 
intra-experimental variation. It is 
barely possible that random fluctu- 
ations in threshold,® greatly magnified 
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by their expression in terms of £, 
might have been misinterpreted as real 
effects. Certainly, no significant or 
consistent improvement in dark adap- 
tation could be demonstrated if our 
data were reported in terms of E. 
The fact that any stimulus—real or 
imaginary, adequate or non-adequate 
—seems to produce changes in visual 
sensitivity in the Russian laboratories 
also makes their results highly sus- 
pect, in our opinion. 

Although this criticism and analysis 
applies to many of the Russian find- 
ings, it cannot explain the decrease in 
time required for dark adaptation— 
from 30 min. to 5-8 min. (6,7). 
Since the data supporting this claim 
have apparently never been pub- 
lished, it is impossible to criticize 
this aspect of their findings. The ex- 
periments reported in this paper, 
however, lend no support to this 
claim. It may well be that variations 
in the intensity of stimuli produce 
facilitatory or inhibitory effects, as 
has been claimed by Thorne. If this 
is the case, the results are probably 
so small that extremely precise tech- 
niques must be used to demonstrate 
them. From a practical standpoint, 
therefore, there does not appear to be 
any basis for supposing that the dark 
adaptation of military men in combat 
can be significantly altered by inter- 
sensory stimulation or exercise. 


SUMMARY AND CONCLUSIONS 


Three experiments were performed 
to test recent Russian claims that 


intersensory stimulation and light 

® Lee et al. (12), for example, report wave-like 
fluctuations in dark adaptation records with a 
three to seven minute period and with amplitudes 
of 0.05 to 0.25 log units. The fact that these 
periodic fluctuations in one eye are not nec- 
essarily correlated with the fluctuations in the 
other eye makes it highly improbable that they 
are produced by the stimulation of other sense 
organs. 
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muscular exercise significantly im- 
prove dark adaptation. In the first 
experiment, six Ss were tested with a 
Hecht-Shlaer adaptometer on 11 con- 
secutive days. Experimental treat- 
ments consisted of smelling oil of 
wintergreen, listening to a 1000-cycle 
tone, and performing light mus- 
cular exercise on a bicycle ergometer. 
Control and experimental dark-adap- 
tation sessions were varied systematic- 
ally from day to day. In the second 
experiment, five Ss were tested on 
five consecutive days with the Luck- 
iesh-Moss Low-Contrast Test-Chart. 
The stimuli used here were a loud and 
soft tone and a heavy and light press- 
ure applied to the back of the hand. 
The third experiment measured the 
effects of similar stimuli on form dis- 
crimination at very low illumination 
levels. The results of all experi- 
ments are completely negative. 
None of the stimuli used in this ex- 
periment either facilitated or in- 
hibited dark adaptation, contrast 
sensitivity, or form discrimination at 
low illuminations. 


(Manuscript received August 9, 1948) 
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A SCALE OF SUBJECTIVE BRIGHTNESS * 


BY R. M. HANES ** 


The Johns Hopkins University 


The problem of measurement in 
psychology is an old and involved 
one, and one of which psychologists 
are well aware. Physicists and some 
psychologists have either questioned 
or even emphatically denied that the 
term measurement can be applied to 
psychological scaling. Although no 
attempt will be made in the present 
experimental report to discuss or re- 
view the theoretical aspects of scal- 
ing, it should be noted that the matter 
is by no means settled. While much 


time and effort have been devoted to 
the problem, there is still very funda- 
mental disagreement. 

Even if the scaling of psychological 
magnitudes should eventually prove 
to be an unsatisfactory example of 


measurement from the standpoint of 
physics, there is still, of course, both 
practical and theoretical value in 
establishing functional relationships 
between psychological and physical 
magnitudes. The success met with 
in constructing scales by means of the 
fractionation technique for attributes 
of auditory sensation (4, 5) led to the 
present effort to do the same thing for 
brightness. The sensation of bright- 
ness is affected by so many factors 
that there might exist considerable 
doubt as to the feasibility of using a 
method like fractionation with any 


* This research was carried out under Contract 
Nsori-166, Task Order I, between the Special 
Devices Center, Office of Naval Research, and 
The Johns Hopkins University. This article 
is Report No. 166-I-51, Project Designation 
No. NR-784-001, under that contract. 

** The author is indebted to Dr. S. B. Wil- 
liams, who supervised the writing of the manu- 
script, and to Dr. N. R. Bartlett, Dr. C. T. 
Morgan, and Dr. W. R. Garner, who read the 
manuscript and made helpful comments. 


promise of useful results. The aim 
of the present experiment was to 
determine how easily and how reliably 
individuals can make such fractional 
estimates of brightness in a _pre- 
scribed situation. 

Once it has been determined that 
a procedure such as this can be 
satisfactorily employed in construct- 
ing a brightness scale, then there is 
opened for investigation all of the 
multitude of variables which might 
affect the generality of such a scale 
and limit its usefulness. The size, 
spectral quality, and surround of the 
stimulus, the retinal location and state 
of adaptation, and the experience and 
attitude of the observer might be 
mentioned among these variables. 
Only a very few of such possible 
factors were studied in the present 
experiment. The establishment of a 
working scale around which the vari- 
ables can be systematically investi- 
gated would logically come first 


APPARATUS 


Since one of the goals of the experiment was 
the obtaining of data which could be given prac- 
tical application in radar work, a stimulus situ- 
ation similar to that with which a radar operator 
is presented was selected for study. The actual 
type of radar presentation commonly used in 
this laboratory was not chosen, because of the 
difficulty in obtaining physical brightness meas- 
urements on this type of display (2,7). The 
basic difference between this latter type of pres- 
entation and the type used in this experiment 
lies in the manner in which the cathode-ray 
tube’s electron beam is deflected, i.e., the scan- 
ning method. The commonly used type of 
radar referred to makes use of a radial scan, 
while the ‘raster’ presentation used here em- 
ploys a simultaneous vertical and horizontal 
scan. In other words, the raster is a square 
pattern of light on the tube face due to the 
excitation of the phosphor by the simultaneous 
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horizontal and vertical deflection of the tube’s 
electron beam. (This is similar to television 
presentation and is commonly used in work with 
cathode-ray tubes.) The raster display provides 
a uniform light distribution not found in the 
radial scan and therefore permits better control 
of brightness, while giving essentially the same 
quality of light. For the instrument used in this 
study the horizontal rate of scan was one kilo- 
cycle and the vertical rate was 7.4 megacycles; 
i.e., the beam moved across the tube face one 
thousand times a second and at the same time 
oscillated up and down 7.4 million times per sec. 

The brightness of this raster pattern was 
controlled by the amount of beam current 
through the instrument. Since the instrument 
controls read only in beam current and volts 
bias on the tube, a calibration in physical bright- 
ness units was necessary. This calibration was 
accomplished by means of a Macbeth Illumino- 
meter. The final working calibration was the 
result of the readings of two Os. Each O took 
10 readings at each of eight bias or beam current 
levels set on the instrument; the means of each 
of these sets of 20 readings were then calculated 
and plotted against bias. A smooth curve was 
fitted by eye to the plotted points. Since the 
two Os differed very little in their readings, their 
results were combined and the means taken as 
the best estimate of the actual physical bright- 
ness of the test field. 

The square raster pattern was variable in 
size, and for a given beam current the brightness 
was, therefore, also somewhat dependent upon 
size. (Brightness varies inversely as size in 
this cathode-ray tube, since more energy strikes 
a unit area in a unit of time for a given rate of 
scan.) A one-in. square was used for this 
experiment. This particular size was chosen 
so that a relatively high level of brightness 
would be obtained without having the problem 
of the effect of size upon intensity entering to 
complicate the results. A much smaller (and, 
therefore, maximally brighter) square would 
have given a greater brightness range, but the 
results obtained from such a limited size would 
not be as generally applicable to a practical 
situation. 

Because the edges of the raster pattern 
(especially the upper and lower ones) were 
noticeably brighter than the rest of the square, 
a black screen containing a }-in. hole was placed 
over the tube face. Thus, O saw nothing but a 
disc of light, quite uniform in brightness over its 
entire area. This test patch subtended an angle 
of about 34 degrees at the viewing distance of 
12 in. 

The raster could be made to give a steady 
light or to alternate light and dark at various 


rates. The repetition rate used for most of this 
experiment was about 23 cycles per min., that 
is, the standard was on for about 1.3 sec., fol- 
lowed by the variable for about 1.3 sec., followed 
by the standard, etc. This was the maximum 
duration of flash which could be obtained with 
the apparatus. Once the first or light phase of 
the cycle was set at a given brightness (zero to 
about 100 millilamberts), the second or dark 
phase could be varied continuously through any 
brightness in the range from equality with the 
standard to zero brightness. 

Over the face of the tube there was fastened 
a special hood, a funnel-shaped affair made of a 
stiff black felt-like material reflecting practically 
nolight. The outer end of this hood is formed to 
fit around the eyes of O in the manner of a pair 
of goggles. Thus, O, when looking into the hood, 
could see nothing but the test spot on the tube; 
he: was instructed to look directly at this spot 
in making his estimates. 

A two-mm. artificial pupil was employed for 
viewing with the right eye; an opaque shield 
prevented light from striking the left eye. There 
was also an arrangement in the hood for holding 
Wratten neutral and color filters. This device 
could hold two filters at the same time. The 
neutral filters were used to obtain the various 
brightness levels for the standard; the brightness 
of the variable flash was altered by means of the 
instrument controls once the standard bright- 
ness level was set. 

The cathode-ray tube used for this work was 
provided with a P-4 phosphor. This type of 
phosphor gives a white light (essentially un- 
changed in spectral quality regardless of inten- 
sity) with a very slightly bluish tint and has a 
very rapid rate of excitation and decay. A 
short decay time was obviously essential in the 
type of experiment performed. Phosphors 
having long decay times would not be at all 
suitable because of the varying brightnesses 
due to decay. 

!'The Allen B. DuMont Laboratories manu- 
facture the cathode-ray tube used and designate 
it as a SJ)P4A. They describe the phosphor as 
having a color composition chosen in such a way 
that even for long observation a minimum of 
fatigue will be caused. A representative spectral 
composition curve for stationary spot excitation 
presented by DuMont shows peaks at about 460 
my and 560 my. This distribution of energy 
gives a light which “appears white to the eye.” 

The P4 phosphor is described as having ‘medi- 
um persistence.’ The blue component actually 
decays to about one percent in five msec., while 
the yellow requires only one msec. to reach the 
same value. 
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PROCEDURE 


As was stated before, we were concerned in 
this study with determining the relation of sub- 
jective brightness or brilliance to the physical 
brightness of the stimulus. The fractionation 
technique was chosen as the method best suited 
both to give an answer to the practical problem 
involved and to allow the construction of a 
subjective brightness scale. O was required to 
adjust the variable stimulus, i.e., the second or 
dark phase of the light-dark cycle mentioned 
earlier, until he was satisfied that the variable 
was 4 or 3 as bright as the standard. Since the 
arrangement of the apparatus did not permit 
O to manipulate the controls, it was E who 
actually made the adjustment, at the direction 
of O. This arrangement works quite satis- 
factorily after a little practice. O soon develops 
a specialized vocabulary for directing E, making 
use of such words as ‘shade,’ ‘hair,’ etc., to 
indicate the degree of brightness change that he 
wishes. 

None of the Os (there was a total of seven at 
various times) expressed any doubts about being 
able to make the fractional judgment of bright- 
ness. The nature of the judgment did not seem 
to be at all unnatural or artificial to them. The 
consistency with which the judgments were 
made would seem to support this conclusion. 

While no formal instructions were read to the 
Os, each one was acquainted with the nature of 
the task before the judgments were made. In 
addition, the main results which are to be 
presented were those of four individuals who 
had been given a fair amount of practice in the 
same situation previously. It was suggested to 
the Os that they use darkness as a reference or 
zero point for making their fractional estimates. 
The black disc surrounding the test spot served 
well for this purpose. Each one was also told 
that the second or darker flash was the variable, 
even though this fact was obvious from the way 
in which the second flash was varied. No time 
limit was placed upon any judgment; the Os 
were told to take their time and make as ac- 
curate an estimate as possible. 

All observations were made in a darkened 
room which was almost completely light tight. 
In any case, a small amount of room light would 
not have made any difference, as shown by 
preliminary data. The darkened room was 
used principally with a view to the reduction of 
variability. No attempt was made, however, 
to maintain any given level of light- or dark- 
adaptation. Preliminary work had shown that 
there was no significant change in the judgments 
from the beginning to the end of an experimental 
period (one hour) as there should have been if 
the level of adaptation had any noticeable effect. 
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Of course, the range of stimuli used was quite 
limited and very high brightness values might 
yield different data. However, since the 
judgments in this case are of relative brightness, 
it seems quite probable that a very great differ- 
ence in brightness levels would be needed before 
any marked effect could be obtained. In other 
words, it would seem likely that if the eye were 
adapted to a very high brightness, for example, 
there would be a nearly proportional decrease in 
brightness of two comparison stimuli of, say, 
100 and 10 millilamberts so that the fractional 
judgment setting would remain the same. 

The variable was set before each trial at a 
brightness either close to that of the standard or 
at a very low level, considerably below that 
which could possibly be called ‘half.’ These 
brightness settings of the variable were varied in 
a random fashion. The standard brightnesses 
were presented in a systematic way, either the 
lowest or the highest brightness being given 
first and successively higher or lower bright- 
nesses being presented in order. The starting 
brightness level was alternated between high 
and low on successive trials and on successive 
days. 

The specific procedure for each experimental 
period was then as follows. As soon as O had 
entered the experimental room and was seated 
facing the test field, the room lights were turned 
out. Within a minute or two the fractionation 
procedure was started. E set the standard by 
placing the proper neutral filter in position (no 
filter was used with the highest standard bright- 
ness) and O directed E to adjust the variable 
until he (O) was satisfied that the variable was 
4 (or 3) as bright as the standard. As soon as 
this judgment was made E set the next higher 
(or lower) standard brightness and the proce- 
dure was repeated. Each experimental period 
lasted for approximately one hour. The Os 
were given rest intervals during this hour if they 
so desired, but there were very few times when 
such intervals were requested. 


EXPERIMENTAL DESIGN 


The principal factors investigated can be 
divided roughly into three parts: (a) estimates 
of 4 and 3 brightnesses at a constant duration of 
flash of 1.3 sec. for both the standard and the 
variable; (b) the effect of flash duration on the 
fractionation judgments; and (c) the effect of 
hue on the fractionation judgments. 

(a) The first part of the experiment was 
undertaken to answer the question: how con- 


2 The influence of surround and adaptation 
level, among other factors mentioned earlier in 
the paper, are to be investigated by the author in 
later experiments. 
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sistently and how accurately can one make 
fractional estimates of brightness? The }? 
estimates were included for the purpose of 
checking the accuracy of the half judgments 
and also to supply some information about the 
fineness of fractional estimates which could be 
made. Four sets of half brightness estimates 
were taken at each of the eight brightness levels 
used for each of five days foreach O. The same 
number was obtained for the } brightness esti- 
mates. These two types of fractional estimates 
were taken on alternate days. Thus, a total of 
20 half judgments and 20 } judgments was ob- 
tained for each individual at each brightness 
level. 

(b) In order to be sure that time was not a 
possible variable influencing the brightness 
estimates, the second part of the study was run. 
Two different time patterns were used. In the 
first, both the standard flash and the variable 
flash had a duration of about 0.5 sec. Only four 
brightness levels were used for this part, just 
enough to provide data for checking the signifi- 
cance of any differences. For the second time 
pattern, the standard was on for about 30 msec. 
while the variable had a duration of about 970 
msec. Seven standard brightnesses were em- 
ployed here. For each of these time patterns at 


each brightness level ten estimates were made 
by each O. 


(c) The last part of the experiment was de- 


signed to determine how well the estimates made 
in the first part of the study would hold for 
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different hues. The total range of physical 
brightness values used before could not be ob- 
tained because of the density of the color filters 
themselves. The filters were Wratten Nos. 61 
(green), 29 (red), and 45 (blue). Again, 10 
estimates were made for each brightness value 
by each O. 


OBSERVERS 


Four male college students served as Os. 
All of them had normal visual acuity or had 
glasses correcting such defects, but one man was 
judged to be color deficient (deuteranopic) on 
the basis of the Ishihara test. 


RESULTS 


Estimates of 4 and 3? brightness.— 
The results show in general a remark- 
able ability to make consistent frac- 
tional estimates of brightness, espe- 
cially at low brightness levels. Even 
at higher levels these judgments are 
much more consistent than one might 
expect. Table I shows the means 
and standard deviations for the 3 
estimates for each of the Os and for 
the combined results of all four. 
Table II gives the same information 
for the ? judgments. 


TABLE I 


4 Bricutness Estimates 


(All values are in millilamberts.) 








Standard 
Brightness 
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TABLE II 


3 Bricutness Estimates 


(All values are in millilamberts.) 











Standard 
Brightness 





Mean of 
Estimates 
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Mean of 
Estimates 
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Mean of 
Estimates 0.014 
o " 0.0025 


Mean of 
Estimates 0.018 
c Y 0.0032 


Mean of 
Estimates 0.015 
a 0.0036 


Group 0.05 














0.012 


4.02 




















The O designated as Ob is the 
deuteranope. It is quite interesting 
to note how closely his results parallel 
those of Ge (who had no color de- 
fects) except at the higher brightness 
values for the ? estimates. For this 
reason the deuteranope’s results are 
combined with those of the other 
three in the group results at the 
bottom of the table. 

The fact that two Os (Mc and Su) 
make consistently higher estimates 
than the other two is also worthy of 
note. The former were obviously 
using a somewhat different criterion 
for the fractional estimates than were 
the latter. There apparently was 
nothing in the way in which these two 
(Mc and Su) made their judgments 
which would account for the similar- 
ity of their results and for the differ- 
ences from the other two. Su took a 
very long time for most of his judg- 
ments and when asked for an expres- 
sion of confidence stated that he 
believed he could estimate half bright- 
nesses within an error of +10 percent. 


Mc, on the other hand, made very 
rapid judgments and did not express 
as high a degree of confidence in his 
results. He made his estimates so 
rapidly, in fact, that sometimes E 
suggested ‘that he proceed a little 
more slowly and adjust the variable 
up and down several more times. 
The results, however, show Mc to 
have been. more consistent than Su. 
The other two Os made their estimates 
at about the same speed and expressed 
about the same degree of confidence 
in their results. All four agreed that 
the 3 estimates were easier than the 


The quotidian variability of indi- 
viduals was considerable in some cases 


at certain brightness levels. A table 
showing this variability has not been 
included because of space limitations. 
An analysis of variance showed that 
this day-to-day variability within Os 
accounted for nearly as much of the 
total variance at most brightness 
levels as did the between-O variability. 
There was no consistent trend indi- 
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cated, the within-O variability being 
in some cases greater and in some 
cases less than that between Os. 
The differences between the mean 
values for each O’s and for the com- 
bined group’s 4 and the } estimates 
were found to be statistically signifi- 
cant at greater than the one percent 
level of confidence in most cases and 
at greater than the five percent level 
in the remaining ones. This indicates 
that there is a difference between 
various fractional estimates of a given 
brightness, and that, at least, one- 
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half can be distinguished from three- 
quarters. The differences between 
the means of the successive bright- 
ness levels judged were also found to 
be statistically significant. The very 
least that can be inferred from this 
fact is that the brightness intervals 
used can be counted upon to give 
consistently different brightness sen- 
sations. 

Fig. 1 shows the half-judgment 
function and the three-quarter judg- 
ment function as obtained from the 
combined data. The mean values 
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LOG STANDARD BRIGHTNESS (ML.) 


Fic. 1. Fractional estimates of brightness. 


The filled circles represent the brightnesses which 


were judged to be half as bright as the standard values, the open circles those judged to be three- 


fourths as bright. 
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TABLE III 


Comparison oF Means For $ Bricutness Estimates 
Between First anp Seconp Series or TRIALS 


(All values are in millilamberts.) 








Standard 


Brightness nee 


0.032 0.10 0.32 5.0 











First Series 
Second Series 


0.002 
0.002 


0.007 
0.007 


0.02 
0.02 


0.05 
0.07 


0.54 
1.02 


First Series 


0.004 
Second Series 


0.004 


0.012 
0.01! 


0.04 
0.04 


0.10 
O.1! 


1.19 
1.14 


First Series 


0.003 
Second Series 


0.003 


0.008 
0.008 


0.08 
0.09 


0.02 
0.02 


0.70 
1.22 


First Series 


0.004 
Second Series 


0.004 


0.014 
0.012 


0.10 
0.13 


0.04 
0.03 


1.07 
1.24 
































from Tables I and II are plotted on 
logarithmic coordinates for conven- 
ience and clearness of exposition. 
Smooth curves have been fitted by 
eye to the plotted points. The two 


curves show a very consistent trend, 
which can be taken as evidence for 
the accuracy and consistency of the 


estimates. There was no indication 
of any practice effect; in some cases 
the last day’s results showed more, 
and in some cases less, variability 
than that evidenced on the first day. 
As a final check on the reliability of 
the estimates, four more trials were 
run 13 days after the end of the first 
series. Only half-brightness judg- 
ments were made this time. No prac- 
tice on fractionation of any kind had 
occurred in the 13-day interim. 
Table III shows the individual means 
for this last set of estimates, and the 
means of the first set are included for 
comparison. The remarkable corre- 
spondence of the two sets of data is 
obvious from the table. The only 
noticeable difference between the two 
sets of results is toward making the 
four Os agree more closely with each 
other. Of course, the second set of 
data is not very reliable, being based 
on only four estimates for each O, but 


the similarity between the two is so 
striking that one is tempted to go 
beyond the facts and suggest that 
the estimation of brightness is quite 
constant for any one person and is 
not very much different for other 
individuals. The least that can be 
drawn from the data is the refutation 
of any arguments that brightness 
cannot be estimated at all accurately 
or consistently. 

It may be noted also that the 
combined raw scores at most of the 
brightness levels used show a tend- 
ency toward normal distributions. 
There are, however, two cases in 
which distinct bimodality is exhibited 
and several of the others are badly 
skewed. 

The effect of flash duration.—As 
had been expected, there was no 
significant difference due to the time 
variable when the duration of both 
the standard and the variable flashes 
was reduced too.5 sec. On the other 
hand, some fairly significant differ- 
ences were found at the lower bright- 
ness levels when the duration of the 
standard was reduced to 30 msec. 
It is apparent that for such a brief 
flash of light the sensation of bril- 
liance does not have time to reach its» 
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peak. Troland (6) indicates that for 
white light this peak is reached in 
about 0.1 sec. Now, if the sensation 
accompanying the presentation of the 
standard does not have time to reach 
its peak while that for the variable 
does, we should expect the half- 
brightness estimates to be lower than 
they would be under the conditions in 
the first part of the experiment. In 
other words, a lower brightness value 
of the variable would appear to be 
half as bright, since the effective sub- 
jective brightness or brilliance of the 
standard has been reduced. This is 
just what the data show. At the 
four lower brightness levels the mean 
of each O’s estimates is significantly 
lower for this time pattern than it was 
for the first part of the experiment. 
At the higher brightness values, 
however, the same thing is not true; 
here one O’s estimates were higher for 
the 30-970 ratio than they were for 
the 1.3-1.3 ratio in the first part of 
the experiment. This fact is not 
surprising, in view of the differential 
effects in the growth of brilliance due 
to the stimulus brightness, that is to 
say, the fact that for a brighter stimu- 
lus the sensation should reach its peak 
in less time than that required for a 
less bright stimulus. Data obtained 
by Bills (1) show that this is the case. 

Table IV presents the means of the 
group estimates for the two time pat- 
terns used in this part of the experi- 
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ment and includes also the means of 
the first set of half-brightness esti- 
mates for purposes of comparison. 
The same data are then shown in 
graphical form in Fig. 2, where 
smooth curves have been fitted by 
eye to the empirical data. No sepa- 
rate curve has been drawn through 
the points for the’ 500 msec. duration 
because these points so nearly coincide 
with those for the 1300 msec. dura- 
tion. 

It does not seem to go too far 
beyond the empirical facts to con- 
clude from this part of the experiment 
that time probably has no significant 
effect upon the fractionation judg- 
ments of brightness so long as the 
stimuli presented are of sufficiently 
long duration to allow the sensation 
of brilliance to reach a relatively 
steady state. 

The effect of hue.—Before anything 
could be done with the data on hue, 
some measure of the brightnesses of 
the colored stimuli was necessary. 
Although Macbeth readings for col- 
ored surfaces are satisfactory for 
most purposes, the transmission 
curves for the colored filters, in con- 
junction with the spectral distribu- 
tion curve for the phosphor, offered 
what was judged to be a better basis 
for more precise determinations. The 
procedure involved integration of the 
area under the curve for the phosphor, 
calculation of the percentage of this 


TABLE IV 


Group Means or 4 Bricutness Estimates ror THREE 
DirFeRENT Time Patterns or Stimutus PRESENTATION 


(All values are in millilamberts.) 








Duration (msec.) 


Standard Brightness 





Standard Variable 


| 0.032 | 





1300 1300 
500 500 
3° 97° 


0.010 


0.004 
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The effect of duration on the half brightness estimates. 
brightness of the variable which was judged half as bright as the standard (abscissa). 


Fic. 2. 


area under each of the filter curves, 
and translation of these percentages 
into brightness units. By this 
method the maximal standard bright- 
ness through the red filter (Wratten 
No. 29) was found to be 8.3 milli- 
lamberts, for the green (Wratten No. 
61) 15 millilamberts, and for the blue 
(Wratten No. 45) 8.6 millilamberts. 
If any of the calculated brightness 
values for the filters are incorrect, the 
worst that can happen is a displace- 
ment of the half-judgment function. 
This is not a particularly serious 
fault, since the shape of the function 
would not be changed. If we assume 


The ordinate represents the 


that the curve obtained from the first 
set of data is valid, then it appears 
from thé results that just such a shift 
has occurred to a slight degree. 
Table V and Fig. 3 present these re- 
sults. On the graph the half-judg- 
ment function obtained in the first 
part of the experiment is shown for 
purposes of comparison. The mean 
values through which this curve was 
drawn are not included in the table. 
If we were to displace the curves 
for the various hues slightly, the 
upper portions of each curve would 
very nearly coincide with the curve 
for the white light. The lower por- 
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tions, however, depart somewhat from 
the curve for white, the red curve 
bending slightly upward away from 
the white while the curves for green 
and blue turn generally downward. 
The Purkinje shift is apparently 
showing up in these results. One 
would expect on the basis of this 
phenomenon that as lower brightness 
values at the short-wave end of the 
spectrum were approached, less and 
less physical brightness would be 
necessary to make any subjective 
estimate seem like half of a higher 
brightness value. The reverse would, 
of course, be true of the values at the 
long-wave end of the spectrum. 

It is of extreme interest to note the 
slight effect of hue evidenced in the 
results for the color deficient indi- 
vidual. One might expect that his 
estimates would vary considerably 
from those for white light, especially 
when green was used. While there 
is some evidence of a shift in his 
results toward closer conformity with 
the results of the other Os, i.e., a 
tendency for his estimates to be 
slightly higher than formerly, the 
effect is negligible and is not at all 
consistent from one brightness level 
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to another. The explanation for this 
would seem to be in the nature of the 
problem, which is a judgment of 
relative values for the same hue. If 
the deuteranope’s sensitivity to green, 
for instance, is reduced, this might 
serve only to shift his judgments 
slightly on the curve, since both the 
standard and the variable would be 
affected to nearly the same relative 
degree. 

Although no statistical tests for 
the significance of the differences be- 
tween the estimates for hue and those 
for white light could be readily ap- 
plied, since the standard brightness 
values were not the same, the differ- 
ences obtained may be significant, 
the Purkinje phenomenon being such 
a well-established fact. How, then, 
will this evidence alter our conclusions 
about the generality of fractional 
estimates of brightness? The obvi- 
ous implication is that we should 
limit our conclusions either to white 
or a constant hue, or if we wish to 
compare white light with colored, we 
should probably exclude the range of 
brightnesses in which the Purkinje 
phenomenon shows up significantly. 


TABLE V 


Group Means For 4 Bricutness Estimates ror Various Hues 


(All values are in millilamberts.) 








Wratten No. 29 (Red) 





0.026 
0.011 


Standard Brightness 
Mean of Estimates 


0.415 
0.148 


0.83 
0.29 





Wratten No. 61 (Green) 





Standard Brightness 


0.005 
Mean of Estimates 


0.002 


0.015 
0.004 


0.048 
@.014 





Wratten No. 45 (Blue) 





0.0028 
0.0009 


Standard Brightness 
Mean of Estimates 











0.0086 
0.0023 


0.028 
0.007 
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The effect of hue on the half brightness estimates. 
ness of the variable which was judged half as bright as the standard (abscissa). 
half-judgment function from Fig. 1, shown for purposes of comparison. 


The ordinate represents the bright- 
The solid line is the 
The dotted portion of the 


curve is an extrapolation based on the estimates for the various hues. 


The Brilliance Scale 


From the half-judgment function 
in Fig. 1 a brilliance scale was con- 
structed after the manner used by 
Stevens (5) and described again by 
Reese (3). The procedure was briefly 
as follows. One hundred subjective 
brightness units were arbitrarily 
chosen as equal to one millilambert. 
This point was plotted first in Fig. 4. 
Then from Fig. 1 it was found that 
0.26 millilamberts appeared to be 
half as bright as one millilambert; 
therefore, 0.26 millilamberts was as- 


signed the value 50 or } of 100 bril- 
liance units. In a similar manner the 
physical value to be assigned to the 
brilliance number 25 was determined, 
etc. The value from Fig. 1 which 
appeared twice as bright as one milli- 
lambert was six millilamberts; this 
value was, therefore, assigned the 
brilliance number 200. 

A brilliance scale constructed in the 
same manner from the }-judgment 
function does not agree as closely 
with the scale just constructed as one 
might wish. With one millilambert 
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set equal to 100 subjective brightness 
units again, the points fall slightly 
above the lower part of the scale in 
Fig. 4 and below the upper part, the 
discrepancies becoming progressively 
greater at the higher brightnesses. 
In other words, it is somewhat as 
though the curve were rotated slightly 
clockwise about its anchor point. 
Upon questioning, the Os reported 
that they had been making the 3 
estimetes in the following manner. 
Picturing first what they believed to 
be half of the interval to be fraction- 


ated, they then estimated } of the 
difference between this imaged mid- 
point and the standard. A different 
type of judgment would therefore 
seem to be involved in this case, with 
additional errors due to the estimation 
of the imaged 4 brightness. In 
making the 4 estimates, O has two 
real brightnesses and one imagined 
one, the zero point, to work with. 
The 3 judgment apparently has in 
addition a second imagined brightness, 
at least for the way in which this 
estimate was made by the present 
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Fic. 4. The_brilliance’function. Subjective brightness or brilliance is 
plotted_as a function of physical brightness. 
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Fic. 5. 
for brilliance. 
intensity of retinal illumination (after Troland). 
units to brils is 1.61. 


The relation of the brilliance function (solid curve) to the integrated DL’s (solid circles) 
The numerals along the ordinate represent the number of DL’s as a function of the 
The conversion factor for changing from these DL 
Since the points representing Troland’s values were scaled from the graph 


published in the reference mentioned, the accuracy of their location is, of course, subject to the 


limitations of such a method. 


Os. It is quite possible that this 
imaged half brightness would be 
somewhat different from the esti- 
mates made when the half judgment 
was required. The influence of the 
variable when being adjusted for 3 
could have had the effect of lowering 
the imagined 3 and consequently, also, 
the } judgment. 

Another possible explanation for 
the differences between the two scales 
lies in ‘naming’ errors in connection 
with the required fractions. Both 
these possibilities are substantiated 
by the fact that if the 2? judgments 
are treated as though they had been 


3 judgments, the resulting points fall 
almost exactly on the curve in Fig. 
4. For the above reasons, plus the 
fact that the scale constructed from 
the } judgments agrees so closely with 
the integrated DL’s for brilliance 
(see Fig. 5), the scale in Fig. 4 is 
taken as being a better representation 
of the Os’ experiences than the } 
judgment would be. The discrep- 
ancies do, however, raise very im- 
portant questions from the standpoint 
of scaling theory and need to be 
investigated thoroughly. 

As stated above, the 4 judgment 
scale agrees very closely with the 
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brilliance function obtained by Tro- 
land (6) from the integration of 
DL’s. The relationship of the two 
sets of data is shown in Fig. 5. In 
this graph photons are represented on 
the abscissa and integrated DL’s on 
the ordinate. The brilliance function 
of the present experiment is shown on 
these axes as the solid curve. To 
plot this curve on Troland’s coordi- 
nates it was necessary to convert our 
units into DL units. In comparing 
the two, it was found that a simple 
constant (1.61) multiplying the DL 
units at any selected brightness would 
give satisfactory agreement with the 
number of units assigned by the 
present method to that same physical 
brightness. In other words, if our 
units were plotted against integrated 
DL’s, the plotted points could be 
fitted satisfactorily with a straight 
line having a slope of 1.61. This 
means that the two functions are 


essentially the same but that the 


units are smaller on one scale. The 
close fit of Troland’s points (filled 
circles) and the curve in Fig. § indi- 
cates that, provided our function is 
valid, the DL’s for subjective bril- 
liance are all approximately equal up 
to 100 millilamberts of physical bright- 
ness and may be validly integrated 
to obtain measures of brilliance. 

It is unfortunate that the limita- 
tions of the apparatus prevented the 
exploration of subjective estimates of 
brightnesses above 100 millilamberts. 
The ease of presentation and control 
of the stimulus with this kind of 
equipment gives it an advantage over 
many types of optical arrangements. 
The work will obviously‘ not be com- 
plete until the higher brightness 
values are investigated. 

The term bril is tenatively suggested 
as a name for the unit of brilliance. 
Wright (8) has constructed an arbi- 
trary subjective brightness function 
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to correspond to the way in which the 
difference limen for brightness varies 
with intensity.2 The unit of this 
scale he has named the ‘brill.’ The 
same name had been thought of for 
the present scale unit, but in order to 
differentiate the two it seems better 
at the present time to shorten the 
word to ‘bril’ for our scale. 

A possible criticism of the experi- 
ment lies in the fact that the method 
of presentation employed was one of 
successive rather than simultaneous 
comparison. Such a method allows 
the possibility of a time error. If 
such an error has been introduced, it 
would, of course, bias the obtained 
fractionation estimates somewhat, i.e., 
a positive time error would tend to 
make these estimates higher and a 
negative one lower. However, in 
view of the nature of the total pattern 
of stimulation, it seems quite unlikely 
that any time errors have seriously 
affected the results. One might even 
conceive of a positive and a negative 
time error both operating to some 
extent and cancelling each other. 


3 The following is Wright’s description of the 
manner of constructing his scale: “. . . while 
4B/B is approximately constant at medium and 
high values of B, at low brightnesses AB/B 
increases as B decreases. If, then we consider 
AB as an elementary contrast step, we can see 
that a logarithmic scale of photometric bright- 
nesses would provide a satisfactory representa- 
tion of subjective brightness values at high values 
of B, but at low values the scale would be too 
open. Conversely, a linear scale of photometric 
brightness might be reasonable at low bright- 
nesses but would be too open at high values. 

“As a compromise, the author [Wright] 
proposed the following scale and definition: 

“When an extended surface of photometric 
brightness B is viewed by a dark-adapted 
observer using both his eyes, then the apparent 
or subjective brightness B, should be calculated 
from the equation 


B, = 10 logio (B + 1). 


The unit of apparent brightness may be called a 
‘brill,’ and B, will be expressed in brills when the 
unit of B is 10-* equivalent foot-candles,” 
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In other words, the brief exposure to 
the higher brightness of the standard 
might result in slight adaptation 
effects giving rise to a positive time 
error which could be cancelled by the 
negative time error interjected due to 
the disparity in time between the 
presentation of the standard and 
that of the variable. 


SUMMARY 


The fractionation technique has 
been used to obtain estimates of 
brightness for various time patterns 
and for various hues. Because of 
equipment limitations only the range 
from about 0.0001 to 100 millilam- 
berts has been investigated thus far. 

It has been shown that such esti- 
mates can be made consistently with 
only a reasonable degree of error. 

The duration of the stimulus has 
been found to have no appreciable 
effect on these judgments so long as 
the stimulus duration is long enough 
to allow the sensation to reach a 
steady state. 

Hue, likewise, has been shown to 
cause little change except, perhaps, 
at very low levels. 

A subjective brightness or brilliance 


R. M. HANES 


scale has been constructed and has 
been found to agree closely with the 
curve obtained by integrating DL’s. 


(Manuscript received 
September 17, 1948) 
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VISUAL RESOLUTION WITH PERIODICALLY 
INTERRUPTED LIGHT 


BY VIRGINIA L. SENDERS 
Wellesley College * 


INTRODUCTION 


Visual acuity has often been called 
‘a form of brightness discrimination’ 
(2, p. 34) or of intensity discrimina- 
tion (8,13). Such statements usu- 
ally imply, not only that there must 
be some discriminable difference be- 
tween the dark and light portions of a 
pattern in order for that pattern to be 
resolved, but also that the fundamen- 
tal physiological processes underlying 
visual acuity and brightness dis- 
crimination are the same. The fact 


that visual acuity and brightness dis- 
crimination have been shown to vary 
in a similar way with a variation in 
intensity has been adduced, particu- 
larly by Hecht and his collaborators 


(6, '7, 8,9, 10,13), as additional evi- 
dence for this point of view. 
However, if any conditions can be 
found where visual resolution and 
brightness discrimination are different 
functions of the same independent 
variable, it is then no longer permissi- 
ble to consider one to be a different 
aspect of the other. Visual acuity, 
while it may be related to brightness 
discrimination, could then no longer 
be considered to be merely an aspect 
of that process. Recent experiments 
by Crozier and Wolf (5) indicate that 
such divergent functions can be ob- 


* This study was performed as part of a dis- 
sertation submitted in partial fulfillment of the 
requirements for the degree of Doctor of Phil- 
osophy in the Department of Psychology, Har- 
vard University. The writer is indebted to 
Professor William J. Crozier of the Laboratory 
of General Physiology for his direction of the 
investigation; the responsibility for the manu- 
script in its final form, however, rests entirely 
with her. 


tained by using interrupted rather 
than steady light, and measuring the 
threshold of resolution as a function of 
light-time fraction in the interruption 
cycle. These experimenters were 
seeking to determine the effect of sub- 
dividing the test field on the form of 
the flicker contour. However, in the 
course of obtaining the flicker con- 
tours, reports were also made on the 
subjective appearance of the test 
field. It was noticed that with cer- 
tain kinds of subdivision, the intensity 
(whether fused or producing flicker) 
required for a pattern to be recog- 
nized was considerably less than would 
have been predicted on the basis of 
the Talbot-Plateau Law. This law 
states that when the light is inter- 
rupted, the fused brightness is the 
same as might be exptected if the 
same light energy per cycle were 
equally distributed throughout the 
entire flash cycle. That is: if the 
flash-intensity is kept constant, the 
decrease in fused brightness is pro- 
portional to the decrease in the per- 
cent of light-time in the cycle (12, 14). 
Crozier and Wolf found that, in some 
cases, the flash-intensity required for 
resolution remained constant while 
the light-time fraction was decreased 
to as little as one-tenth. Thus it 
appeared that a situation had been 
found in which the energy might be 
decreased to as little as one-tenth of 
the original level (with a correspond- 
ing decrease in brightness) without 
producing any change in resolution. 
It was suggested by these authors 
that the use of interrupted light might 
provide a technique for the separation 
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of effects due to intensity (a dimension 
of the physical stimulus) from those 
due to brightness (an attribute of the 
sensation). 

The Talbot-Plateau Law is a state- 
ment about brightness (i.e., not about 
brightness discrimination). But if 
visual acuity is a form of brightness 
discrimination it seems reasonable to 
assume that the greater the brightness 
differential between the illuminated 
and nonilluminated portions of the 
image, the better will be the spatial 
discrimination. In other words, if 
light bars on a dark field are to be 
discriminated, it would seem reason- 
able to assume that they should al- 
ways be equally bright when they are 
resolved. A brightness discrimina- 
tion of some sort is certainly being 
made, since until some brightness 
difference between portions of the 
field appears, the observer certainly 
cannot resolve any bars. But the 


question is: will the same brightness 


(or the same brightness difference be- 
tween the illuminated and nonillu- 
minated portions of the field) always 
be required for the observer to reach 
the same criterion? Will the intens- 
ity of light required to produce resolu- 
tion of a pattern be the same as that 
which would be required to produce a 
brightness equal to that of the steady 
light? 

The purpose of the present investi- 
gation was to make a preliminary 
study of the dependence of the resolu- 
tion threshold on light-time fraction 
when the light is periodically inter- 
rupted, and to compare the nature of 
the function with the brightness 
function as expressed in the Talbot- 
Plateau Law. 


APPARATUS 


The apparatus used was the Visual Dis- 
criminometer, which has previously been de- 
scribed (3,4). Essentially the Discriminometer 
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consists of a tungsten lamp with a flat ribbon 
filament. The lamp is operated on 28 amperes 
of alternating current at six volts. It provides 
a constant source of illumination brought by 
collimating lenses to a focus where it may be 
interrupted by motor-driven sector-disks; the 
light beam pases through slits where a target may 
be inserted and is finally focussed by the O by 
means of a microscrope headpiece. Another 
beam from the same source passes through a 
tiny hole, and the image of the small illuminated 
hole provides a fixation point. Illumination 
intensity is controlled by the use of neutral 
filters and by a wedge and balancer. Wave- 
length composition is altered by the use of 
colored filters. The light-time fraction is con- 
trolled by the use of a series of sector-discs with 
suitably disposed openings. It shoud be noted 
that the light-time fraction is here defined as 
the percent of light in the total cycle. It is 
t,/(tt + tp) and is not to be confused with the 
ratio between the light-time and the dark-time, 
ti/tp. 

The target is a specially prepared photo- 
graphic film (cf. 5) inserted in the slits of the 
Discriminometer. Accurate focussing for any 
wave-length is assured by the O’s control of the 
microscope headpiece. 

The fixation point is red and of such spectral 
composition and intensity that it appears as red 
only in the fovea. 


PROCEDURE 


The procedure in each experimental session 
was as follows: 

1. The O was dark-adapted for 30 min. pre- 
ceding experimentation. 

2. The O fixated the red fixation point and 
signalled to E that he was ready to begin the 
experiment. At this time, the O actually saw a 
dark field with a dimly illuminated square in it. 

3. E, by movement of the optical wedge, 
increased the intensity of the test field until O 
signalled that he could barely distinguish the 
bars of the target. To the O, the square field 
appeared to become increasingly brighter, and 
at some point striations became visible. When 
the flash frequency was low enough, the test 
patch appeared to the O to flicker. 

The exact nature of the resolution endpoint 
varied from O to O. LHC, for example, did not 
signal until the bars had become quite clear and 
distinct; DLP required cnly that some evidence 
of striation be barely discernable, and NHP did 
not signal until he could tell with certainty that 
the bars were vertical. The Os were requested 
to keep their respective criteria as constant as 
possible from one session to the next, and it is 
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believed that they were able to do this fairly 
successfully. However, when the observations 
in the periphery were started, LHC was forced 
to relax her criterion slightly, since the clarity 
which she had required in the fovea could not 
be obtained in the periphery. 

4. When the O signalled by pressing a tele- 
graph key that his criterion had been reached, 
E kept the intensity at the same level for a few 
moments in order that the O might become 
adapted to that intensity level. He then 
lowered the intensity below the resolution 
threshold, gave the O a ‘ready’ signal, and in- 
creased the intensity until the O again signalled. 
After taking a few exploratory readings, record- 
ing was commenced and readings were taken 
until ten consistent readings had been obtained. 

5. When to readings had been obtained, the 
light-time fraction was changed by changing 
the sector-disc. Light-time fractions used were: 
steady light (1.00), (occasionally 0.90), 0.75, 
0.60, 0.50, 0.25, 0.10, and 0.03. Ten consistent 
readings were taken at each of these light-time 
fractions. 

6. Two such series were obtained under each 
set of experimental conditions. One was a de- 
scending series, going from steady light to 0.03; 
the other was an ascending series going from 
0.03 to steady light. This was done in order to 
take account of any possible effect of fatigue or 
adaptation. Where possible, the two series 
were run in immediate succession, the O dark- 
adapting for 15 min. between series. 

Three Os were used extensively in the experi- 
ment.! LHC was a research assistant in physi- 
ology. She was 40 years old and had em- 
metropic eyes and normal color vision. She was 
able to observe under more regular conditions 
than either of the other two Os. NHP was a 
graduate student in biology; he was aged 27 
years and had pronounced exophoria, slight 
astigmatism, and normal color vision. DLP was 
a graduate student in psychology. She was 
aged 23 years and had myopic eyes and normal 
color vision. The fact that all the Os were not 
emmetropic was not considered a disadvantage, 
since corrections could be made by adjusting 
the eyepieces of the Discriminometer. 

A few sample series were obtained on each of 
four other Os. The results of these experiments 
are entirely consistent with the results of the 
three principal Os, but since there are not 
enough experiments to make possible the com- 
parison of results under different conditions, 
these data are not presented. 


1 The writer is greatly indebted to Mrs. Louise 
H. Crozier, Mrs. Dorothy L. Postman, and 
Nathan H. Pulling, who served as Os in these 
experiments. 


PARAMETERS 


1. Flash frequency. The flash frequencies 
tested were 4,6,8, and 10 flashes per sec., 
slightly above fusion (about 25-30 flashes per 
sec.) and very much above fusion (89 flashes per 
sec.). 

2. Size of test patch. The test patch used 
throughout the experiment was a grid of alternate 
light and dark bars, each bar subtending 6.6’ of 
arc at the retina. Test patches were 2° square 
(nine dark bars), 1° square (four dark bars), and 
1° X 2° (four dark bars 2° in height). It was 
also possible, by using a different ocular, to 
decrease the width of the bars, along with the 
size of the test patch, by approximately one- 
half. This was done in a few cases. 

3- Retinal location. The target was pre- 
sented either in the fovea or displaced 10° tem- 
porally from the fovea in the case of LHC and 
DLP, or displaced 10° nasally in the case of 
NHP. 

4- Wave-length composition. White light, 
red light, and blue light were used. For the red 
light, Wratten filter number 29 was used, and 
for the blue light, Wratten filter number 47. 

It was not possible to obtain observations 
with all possible combinations of these param- 
eters, but enough different combinations were 
used to get a good idea of the shape of the func- 
tion under each condition. 

It should be noted that, whatever the param- 
eters, the dependent variable was always the 
same: intensity required for resolution. The 
visual angle was mot changed. Since visual 
acuity may depend upon image area, it is 
particularly desirable that this should be kept 
constant in comparative series. This require- 
ment has not usually been observed by earlier 
experimenters. 


REsULTs 


For each of the single series of 10 
observations, the median intensity in 


millilamberts was calculated. The 
median of the combined distribution, 
which included both the ascending 
and the descending series, was also 
calculated.2, The median rather than 
the mean was used because it repre- 


* For complete tabular summaries of the data 
order Document 2649 from American Documen- 
tation Institute, 1719 N Street, N.W., Wash- 
ington 6, D.C., remitting $0.50 for microfilm 
(images one in. high on standard 35 mm. motion 
picture film) or $0.70 for photocopies (6 X 8 in.) 
readable without optical_aid. 
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sents the 50 percent point of a psycho- 
metric function. The median of a 
series of logarithms is, of course, the 
log geometric mean of the series, if 
the series is distributed normally. 

A sample function is presented in 
Fig. 1. Here the logarithm of the 
intensity (millilamberts) required for 
resolution has been plotted against the 
logarithm of the light-time fraction. 
Each point is the median of 20 ob- 
servations. ‘The reason that a double 
logarithmic plot has been used is to 
facilitate the comparison of the in- 
tensity required for resolution with the 
intensity which should, according to 
Talbot’s Law, be required to make a 
brightness match with the steady 
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light. In this figure a 45° line, which 
is the contour of constant brightness 
as predicted by Talbot’s Law, has 
been drawn. When the points repre- 
senting the intensity required for 
resolution lie significantly below this 
line, we must conclude that in some 
way the interrupted light is more 
efficient in producing resolution than 
it is in producing brightness. Of 
course, when the flash frequency is 
below the critical fusion frequency, the 
brightness is not described by the 
Talbot-Plateau Law. However, the 
contour has nevertheless been pre- 
sented for comparative purposes. 
A consideration of the effect of a 
possible brightness enhancement at 
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the logarithm of the light-time fraction, for different flash frequencies. 


at the fovea, is used with red light. 


constant Talbot (fused) brightness. 


The relationship between the logarithm of the flash-intensity required for resolution and 


A 2° X 2° test patch, centered 


All data are expressed as multiples of the steady light threshold 
for the series obtained with a flash frequency above fusion. 


The 45° line is the contour for the 





VISUAL RESOLUTION 





ay 





‘ 
‘ 


meet orce © gee @ EF o\ce “rr <> 


ee *e 


2 LOG FLASH I b (ML. 





! | 


*gmrr ds | - 





! a 





03 10 


.25 .5O 60 75 


LIGHT-TIME FRACTION 


Fic. 2. 
the light-time fraction. 
critical fusion frequency. 


Scatter diagram showing deviations from the Talbot brightness contour as a function of 
The results are for three observers, when the flash frequency was above the 
A line has been drawn to connect the median deviation at each light-time 


fraction. The horizontal line represents the contour for the constant Talbot (fused) brightness. 


low flash frequencies on the intensity 
required for resolution is deferred to a 
later point. 

The data are summarized graphic- 


ally in Figs. 2, 3, and 4. In these 
figures, scatter diagrams have been 
presented showing, for each combined 
series of 20 observations, the deviation 
of the intensity (millilamberts) re- 
quired for resolution from the intens- 
ity predicted on the basis of Talbot’s 
Law. 


From these data it may be seen 
that, in general, the intensity required 
for resolution is less than would be 
required, on the basis of the Talbot- 
Plateau Law, to make a brightness 
match with the steady light. There 
are some exceptions to this statement, 
but an examination of Figs. 2, 3, and 
4 will show that there need be no 
question of the significance of the 
deviations. In some way, interrupted 
light is more_effective in producing 
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resolution than in producing bright- 
ness. Brightness and resolution are 
different functions of the same inde- 
pendent variable, light-time fraction. 
(Incidentally, the subjective reports 
of the Os confirm these statements. 
When the light-time fraction was 
decreased and less energy was re- 
quired for resolution than would have 
been predicted by Talbot’s Law, one 
O remarked: “It seems too dim, but 
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somehow I can see the stripes clearly.” 
Such comments were fairly frequent.) 

Individual differences were pro- 
nounced. Under the same conditions 
there is little similarity between the 
resolution contour for different Os, 
either in absolute level or in general 
shape. This fact should be neither as 
surprising nor as discouraging as it 
may at first appear. The exact form 
of the resolution contour depends 
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Scatter diagram showing deviations from the Talbot brightness contour as a function of 
The results are for three observers, when the flash frequency was 8F/sec. 
A line has been drawn to connect the median deviation at each light-time fraction. 


The horizontal 


line represents the contour for the constant Talbot (fused) brightness. 
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Fic. 4. Scatter diagram showing deviations from the Talbot brightness contour as a function 


of the light-time fraction. 


The results are for three observers, when the flash frequency was 4F'/sec. 
A line has been drawn to connect the median deviation at each light-time fraction. 


The horizontal 


line represents the contour for the constant Talbot (fused) brightness. 


upon many variables, only a few of 
which are controlled in the laboratory. 
One such variable, which may be 
very important indeed, is the natural 
periodicity of the body. Pronounced 
individual differences in eye-move- 
ments, neural recovery cycles, possi- 
bly the natural rhythm of the cortex, 
or the retinal pulse, may exist, and 
may have influenced the results, but 
it was not possible to investigate 


these factors at this time. Regular 
and marked individual differences in 
the form of the flicker contour have 
been reported by Crozier and Wolf 
(4) and the possible effect of an age 
difference was noted by them. 

Certain general tendencies in re- 
spect of the four parameters used in 
this experiment were noted. These 
will be discussed in turn. 

The data at hand show no regular 
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relationship between flash frequency 
and the form of the resolution contour. 
However, an examination of Figs. 2, 
3, and 4 show that there is a general 
tendency for greater deviations from 
Talbot’s Law to occur when the flash 
frequency is low than when it is high. 
For comparative purposes the results 
may be divided into two groups: those 
obtained when the flash frequency 
was above fusion, and those obtained 
when it was below fusion. In the 
first case, as has been stated, the 
brightness is adequately described 
by the Talbot brightness contour. 
But this contour is not applicable in 
the second case because of the Briicke- 
Bartley effect; in the case of flash fre- 
quencies below fusion we _ should 
expect that lower flash-intensities 
would be required to match the 


brightness of the steady light than 
those predicted by Talbot’s Law. 
Thus, if the flash-intensity required 
for resolution depended only upon 


brightness, as a brightness-discrimina- 
tion theory of visual acuity would 
suggest, tl a the resolution contours 
obtained with flash-frequencies below 
fusion should lie below those obtained 
when the light is subjectively fused. 
It may be seen at once that the 
lines and points for the data obtained 
with flash frequencies of four and 
eight flashes per sec. tend to lie below 
those obtained with a flash frequency 
above fusion. This is what we should 
expect if visual acuity improved in a 
regular way with an increase in bright- 
ness. But in this case we should also 
expect that, since the Bricke-Bartley 
effect [according to Bartley (1)] is 
maximum at eight to twelve flashes 
per sec., the deviations from the 
Talbot contour would also be greatest 
at this flash frequency. This is not 
the case. The median deviations are 
greatest with a flash frequency of 
four flashes per sec., next for eight, and 
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least for 
fusion. 

This finding is entirely in accord 
with certain unpublished data ob- 
tained by Crozier and Wolf. These 
experimenters determined the flash- 
intensity required for resolution of a 
pattern as a function of flash fre- 
quency. Their results show that the 
flash-intensity required for resolution 
shows a positively accelerated increase 
in flash-frequency up to a certain 
point, beyond which it remains con- 
stant. No discontinuity in the curve 
was apparent at flash frequencies of 
eight to twelve flashes per sec., as 
would be expected if the enhanced 
brightness due to the Briicke-Bartley 
effect produced an enhancement of 
resolution. 

When the flash frequency is very 
high (89 flashes per sec.) the flash- 
intensity required for resolution is 
either approximately the same as that 
required to produce a brightness sub- 
jectively equal to that of the steady 
light, or else it is slightly higher. In 
other words, the resolution contour 
lies either very close to or slightly 
above the brightness contour. The 
points, however, do not lie on a 
straight line, as do those of the 
brightness contour. 

When we compare the magnitude 
of the deviations of the resolution 
contour|from the brightness contour 
for different sizes of test patch, we 
find that when the test patch is 
centered in the fovea there is some 
tendency for the contour for the 
smallest field to have the largest 
negative deviations. It must be re- 
membered that we are comparing 
not only image areas, but also fields 
which have a different number of 
stripes, and fields which have the 
same number of stripes but in which 
the stripes are of different length. 
The perimeter of light-dark separa- 


flash frequencies above 
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tion is also changed. When the test 
patch is centered in the periphery of 
the retina the contour for the 1° X 
1° field also lies farthest below the 
brightness contour in almost every 
instance where a consistent difference 
is evident, and the resolution contour 
for the 1° X 2° field shows a surpris- 
ing tendency to lie close to the bright- 
ness contour or even to cross it or to 
lie above it. Quite consistently the 
contour for the 2° X 2° field lies 
between that of the 1° X 1° field 
and that of the 1° X 2° field. 

The influence of wave-length com- 
position on the deviation of the resolu- 
tion contour from the brightness con- 
tour depends upon the retinal location 
of the test patch. For test patches 
centered in the fovea, contours ob- 
tained with red light lie below those 
obtained with blue or white light. 
That is, red light produces a greater 
difference between the brightness and 
resolution contours than does blue 
This finding 


light or white light. 
held, in general, for all Os, although 
not for all observations. 

When the test patch is centered in 
the periphery of the retina, the nega- 
tive deviations of the resolution con- 
tour from the Talbot brightness con- 


tour are smallest for red light. The 
resolution contours for blue and for 
white light lie below those for red 
light in the majority of cases. The 
difference between the resolution con- 
tours for different wave-lengths is not 
as marked in the periphery as it is in 
the fovea. 

In most cases the magnitude of the 
negative deviations of the resolution 
contour from the brightness contour 
is larger when the test patch is cen- 
tered in the periphery than when it is 
centered in the fovea. The exact 
magnitude of the differences depends 
upon image size, flash frequency, 
and wave-length composition. With 
white light, there is a large and con- 
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sistent difference between the resolu- 
tion contours in the fovea and in the 
periphery. This difference is always 
in the same direction and appears in 
every case. Always the resolution 
contour for test patches centered in 
the periphery lies far below the con- 
tour for test patches centered in the 
fovea. The effect is much the same 
when blue light is used instead of 
white. In general, the greatest differ- 
ence appears with the smallest fields. 
With red light, there is no such con- 
sistent difference between the fovea 
and the periphery. The deviations 
of the resolution contour from the 
brightness contour are usually ap- 
proximately equal, and what differ- 
ences do appear are not in a consistent 
direction. Often the shape of the 
resolution contours is also similar. 


Discussion 


The results of the present investiga- 
tion indicate that a situation has been 
found in which visual acuity and 
brightness discrimination can be 
shown to be different functions of the 
same independent variable. There- 
fore, they cannot be identical proc- 
esses. This is the old argument that 
there may be more sensory attributes 
than stimulus dimensions. Just as 
loudness and volume are two different 
sensory attributes which are both 
dependent upon the stimulus dimen- 
sions of intensity and frequency in the 
auditory stimulus, so brightness dis- 
crimination and visual acuity may 
be different ‘attributes’ of the visual 
sensation and may depend in different 
ways upon the spatial and temporal 
distributions of intensities in the visual 
stimulus. It is mot necessary to 
demonstrate a different physiological 
correlate for each ‘attribute’ in order 
to show that the discrimination made 
by the O exhibits a different depend- 
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ence upon the physical dimensions of 
the stimulus. 

However, it is interesting to specu- 
late upon the physiological mechanism 
which enhances resolution without en- 
hancing brightness when the light is 
interrupted. A mechanism which 
might account for the above findings 
will be suggested, but it remains at 
this point only a speculative possi- 
bility, requiring experimental refuta- 
tion or verification. 


There are two main groups of factors 
which might influence visual resolution: 
(1) those factors which influence the 
formation of the retinal image—the 
actual distribution of intensities on the 
retina; and (2) those factors within the 
visual projection system, from the retina 
to the cortex, which influence the final 
pattern of impulses arriving at the visual 
cortex. Within the first category are 
included diffraction by the pupil, the 
scattering and diffraction of light by the 
ocular media, chromatic and spherical 


aberration, and physiological nystagmus. 
Of these, we may safely dismiss the first 
three; there is no way in which a periodic 
interruption of the light could change its 


diffraction, scattering, or aberration. 
The effects of physiological nystagmus, a 
random, saw-tooth movement of the eye- 
ball, may be profound, as will be sug- 
gested, but not at a retinal level. Since 
it is a fundamental principle of probabil- 
ity theory that a place selection does not 
alter the relative frequencies of events 
in a collective, we may conclude that the 
relative distributions of intensities on 
the retina for steady light and for inter- 
rupted light, when the exposure is of a 
reasonable duration, will be the same. 
In general, we may therefore conclude 
that interrupting the light does not alter 
in any way the relative distribution of 
intensities on the retina. Whatever 
factors operate to make resolution more 
efficient with interrupted light than with 
steady light must certainly be factors 
operating after the formation of the 
intensity distribution upon the retina. 
Factors which influence the pattern of 
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impulses at the cortex may be of three 
general types: (1) the size, number, and 
separation of retinal elements; (2) the 
frequency of impulses produced by each 
element; and (3) possible interaction 
between elements. These factors can 
hardly be discussed separately. 

The impulse frequency is presumed to 
be a function of several physiological 
factors, including the intensity of the 
exciting stimulus, the state of fatigue or 
recovery of the particular neural unit 
involved, and possibly the suddenness 
with which the stimulus impinges upon 
the receptor. In general, interrupted 
light assures more opportunity for all 
elements to be non-refractory when the 
stimuli are applied, and this effect is, in 
turn, related to the natural periodicity 
of neural recovery. 

Furthermore, as has been suggested 
by Marshall and Talbot (11), physiologi- 
cal nystagmus may operate to assure 
availability of the visual pathway at any 
given moment in a fatiguable system. 
These authors postulate a dynamic inter- 
relationship between the steepness of a 
moving gradient of intensity impressed 
on a receptor and the width of that 
receptor. It is usually found that the 
steepest slope of the intensity distribu- 
tion is the same width as the receptor 
element (11). This means that as the 
moving image shifts from receptor to 
receptor, the suddenness, as well as the 
amount, of change in intensity operates 
to enhance the frequency of neural 
impulses. 

When we interrupt the light at fre- 
quent intervals we further increase the 
suddenness of photic change. The 
movement of the distribution of intensi- 
ties across the receptors is no longer 
continuous. It is spatially discontinu- 
ous, since the image of an edge or border 
appears first at one position and then at 
a different position on the retina, while 
the receptors in between are not stimu- 
lated at all. The change is no longer one 
from very little intensity to much in- 
tensity, but from no intensity to total 
intensity. 

An examination of Fig. 5 may suggest 
a further peaking mechanism which 
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A diagrammatic representation of the effect of interrupting the light on the stimulation 


of retinal receptors. The situation with steady light is schematically illustrated on the left; on the 


right the situation with a light-time fraction of 0.10 is shown. 


both cases. 


might take place with interrupted light. 
Although the relative frequency with 
which the moving image impinges on 


each retinal element is the same for both 
interrupted and steady light, the result in 
terms of impulse frequency is likely to be 
different. For with steady light, those 
cones farthest from the objective illu- 
minated point will be illuminated least 
frequently. For this reason, the neural 
units farthest from the center of the in- 
tensity distribution will be non-refractory 
for a large portion of the time, whereas 
the cones at the center of the intensity 
distribution will be stimulated most 
often, because of the statistical nature 
of the distribution of eye-movements; 
hence they will be refractory during a 
greater portion of the time. This is the 
situation as it exists with steady light. 
When the light is intermittent, the 
relative frequency with which the image 
impinges upon the cones at the center of 
the intensity distribution is the same as 
in the case of the steady light. But be- 
cause of the relatively long dark intervals 
between stimulations the ‘central’ re- 
ceptors of the intensity distribution will 
more often be non-refractory. The net 
result of this will be to increase relatively 


The eye-movements are the same in 


the number of impulses from the neural 
units in the center of the fluctuating dis- 
tribution of intensities, without increas- 
ing proportionately the number of im- 
pulses from the more distant neural units. 
Therefore, the overall ‘averaged’ dis- 
tribution will show more peaking at the 
center of the intensity distribution when 
the light is interrupted than when it is 
steady. Similar effects probably occur 
at higher levels of the visual projection 
system, and the total result is probably 
modified and augmented by temporal 
summation. 

At the same time that the. relative 
frequency of neural impulses from the 
central receptors is increased, the total 
number of impulses delivered may be 
decreased, or may remain the same, be- 
cause of a decrease in opportunity for 
spatial summation. Since the chance 
for adjacent receptors to be stimulated 
simultaneously or in immediate suc- 
cession is decreased, there should be a 
resulting decrease in spatial summation, 
and with it, a decrease in apparent 
brightness. This would explain why 
resolvability could be increased without 
an increase in brightness. And since 
these two opposing factors would seldom 
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be expected to balance exactly, it would 
explain why the resolution contours are 
not straight lines but exhibit maxima 
and minima. 


Whether the mechanism suggested 
above actually operates has yet to be 
determined experimentally. But it 
does seem reasonable to believe that 
any explanation of the results ob- 
tained in this study must be stated 
in terms of some peaking mechanism 
operating between the retina and the 
cortex. Any theory of visual acuity 
which postulates a one-to-one rela- 
tion between photochemical changes 
at the retina and visual response does 
not seem adequate to account for the 
obtained data. 


SUMMARY 


In order to test the hypothesis that 
visual acuity is a form of brightness 
discrimination, a situation was sought 
in which visual acuity and brightness 
discrimination might be shown to have 
a different functional relation to the 
same independent variable. By us- 
ing interrupted, rather than steady 
light, and measuring the intensity 
required for resolution as a function of 
the light-time fraction in the inter- 
ruption cycle, such a situation was 
found. The resolution contours ob- 
tained in this manner lay significantly 
below the brightness contour, as ex- 
pressed by the Talbot-Plateau Law. 
Extensive results were obtained from 
three Os, under several different condi- 
tions of image size, retinal location, 
flash frequency, and wave-length com- 
position. 

It was therefore concluded that 
visual acuity cannot be a form of 
brightness discrimination, although 
the two processes may be related. 
Specifically, this means that the 
quantitative generalizations applic- 
able in one case need not necessarily 
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be applicable in the other. A mech- 
anism has been suggested to account 
for the obtained data. Peaking of 
the image may occur because the 
retinal elements in the center of the 
fluctuating distribution of intensities 
are non-refractory for a relatively 
greater portion of the time when the 
light is interrupted than when it is 
steady, resulting in an increase in the 
relative porportion of neural impulses 
coming from this central portion. 
The data cannot be accounted for at 
a strictly retinal level; any explana- 
tion must take account of neural 
processes central to the retina. 


(Manuscript received August 16, 1948) 
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RESPONSE LATENCY AS A FUNCTION OF THE 
AMOUNT OF REINFORCEMENT ! 


BY DAVID ZEAMAN? 


Columbia University 


INTRODUCTION 


The evidence necessary to support 
the framework of a quantitative, re- 
inforcement theory of behavior in- 
cludes that provided by the functional 
relationships established between 
measures of response strength and the 
various aspects of the stimulating sur- 
round that act as parameters of the 
basic processes of acquisition and ex- 
tinction. 

Of considerable systematic impor- 
tance is the parameter of amount, or 
quantity, of positive reinforcement, 
a variable which is capable of generat- 
ing families of learning and extinction 
curves. Before this parameter can 
be made the independent variable in a 
simple learning experiment, it is nec- 
essary to specify the measure of re- 
sponse strength chosen, since there is 
some indication that there are as many 
equations for acquisition and extinc- 
tion as there are combinations of 
different measures of strength and 
different estimates of central tend- 
ency of these measures (3, 12, 13). 


Restricting consideration to the oper- 
ant, striated muscular response, the 
specifications of strength chosen by 
previous investigators fall roughly into 
four categories determined by the di- 
mension or unit of strength employed. 
Each of these has been used in experi- 
ments involving amount of positive 


1A dissertation submitted in partial ful- 
fillment of the requirements for the degree of 
Doctor of Philosophy in the Faculty of Pure 
Science, Columbia University. The research 
was carried out under the sponsorship of Pro- 
fessors F. S. Keller, W. N. Schoenfeld, and C. J. 
Warden. 

2 Now at Brown University. 


reinforcement as one of the independent 
variables. These are: latency of re- 
sponse in units of time (15, 16); number 
or frequency* of response (22), which 
includes resistance to extinction (5); re- 
sponse force or work in physical units 
(6); and speed of response in units of 
time-distance ratio (1, 11). 

To meet adequately the demands of a 
quantitative theory, the results of the 
above investigations would have been 
reported in the form of functional rela- 
tionships between amount of reinforce- 
ment and the value of one or more con- 
stants in the acquisition and extinction 
equations. Preferably, the data for 
such equations should be obtained by 
use of one of the more conventional 
experimental techniques such as those 
employing the lever-pressing (20), or 
runway situation (9). Although the 
actual results presented do not take this 
form, some reasonable inferences can 
usually be drawn as to the nature of the 
effect of amount of reward on the equa- 
tions of the basic processes. 

Hull, in his Principles of behavior, 
(13), reviewed the admittedly inade- 
quate evidence existing at that time and 
put forth the tentative hypothesis that 
amount of reinforcement affected the 
learning curve asymptote, or equation 
constant representing the final limit, 
rather than the constant controlling the 
rate-of-approach to that asymptote. 
This hypothesis received some degree of 
confirmation through the experimenta- 
tion of Crespi (1),4 who used speed of 


3 There is no evidence reported on the effect of 
amount of reinforcement on a time-rate meas- 
ure of response strength such as that employed 
by Skinner (20). 

‘An extensive and detailed survey of back- 
ground material pertinent to the general prob- 
lem has been given by Crespi (1). The present 
experiment was performed without knowledge 
of this study by Crespi. 
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response as an index of strength on a 
20-ft. runway. Crespi found that larger 
amounts of food reinforcement increased 
the maximum running speeds built up in 
rats by long, well-spaced practice. Em- 
pirical learning curves showed the rate- 
of-approach to these maxima for differ- 
ent conditions of amount to remain ap- 
proximately constant, as well as could 
be determined by an inspection of the 
number of trials taken for each curve to 
reach its asymptote. Crespi considered 
his results to be in general agreement 
with Hull’s tentative hypothesis despite 
the fact that the hypothesis concerned, 
not empirical learning curves, but the 
relationship between the number of rein- 
forcements and the intervening variable, 
habit strength (sHpr). Only in the event 
that habit strength was linearly related 
to the dependent variable of Crespi’s 
empirical learning curves—running speed 
—could the hypothesis be said to predict 
logically the experimental results. Actu- 
ally, in Hull’s system, under conditions 
of constant drive, habit strength is pro- 
portional to a second construct, reaction 


evocation potential (sEr), which is an- 
chored on the level of observation to four 
measures of response strength, none of 


which includes running speed.’ If one 
of these measures, amplitude or magni- 
tude of reaction (4), postulated to refer 
only to autonomically mediated re- 
sponses, were extended to include striate 
muscular reactions as well, and if finally 
there were postulated a linear relation 
between reaction potential and magni- 
tude of reaction, then Hull’s hypothesis 
would predict, and in turn be strength- 
ened by, Crespi’s results. Application of 
,the habit-strength quantificational tech- 
niques recently proposed by Hull, Fel- 
singer, Gladstone, and Yamaguchi (12) 
might obviate the necessity of the last 
special assumption. 

Crespi (1) also reported on the effect 
of variation of amount of reinforcement 
on already established learning curve 
asymptotes. Increments in amount of 


5 Hull’s own use of running speed as a meas- 
ure of sEp is also not consistent with his postu- 
lates (13, p. 344). 
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reinforcement were found to shift up- 
ward the level of performance, whereas 
decrements in amount led to extinction 
effects, a lowering of the level of per- 
formance. Changes in amount, how- 
ever, were accompanied by changes in 
level of performance greater than would 
be predicted from a knowledge of the 
asymptotes of animals trained on single 
amounts. There were, in short, contrast 
effects. Since the limits of response 
strength were found to be related not 
only to present amount of reinforcement, 
but also to the past history of amount, 
Crespi constructed cognitive equivalents, 
in the rat, of that past history—an 
‘expectancy’ or ‘eagerness’ for a given 
amount; and in order to account for the 
positive and negative contrast effects, 
there were constructed emotional drive 
states of ‘elation’ and ‘depression’ pro- 
duced by non-fulfillment of expectancies. 
The status of these constructs will be 
examined in greater detail in a later 
section of this paper. It may be stated 
here, in summary, that Crespi’s results 
clearly established amount of reinforce- 
ment as an effective parameter of the 
process of acquisition, in control specific- 
ally of the asymptote of the empirical 
learning function when running speed 
was the measure of response strength. 
Part of the evidence that led to 
Hull’s amount-of-reinforcement hypoth- 
esis came from researches in which vari- 
ous response strength measures were 
used, but until more recently a very 
important measure, latency, had not been 
subjected to investigation with amount 
or reinforcement as a variable. 
Lawrence and Miller (16), using a 
runway situation, found that groups of 
rats receiving .16 gm. were superior in 
their latency scores to those receiving 
.04 gm. during acquisition and extinction, 
although the differences between the two 
groups were not statistically significant. 
Kimble (15), in an unpublished study, 
found that a change from .3 to .o4 gm. 
of food reward was sufficient to alter the 
level of performance as measured by 
latency scores on a runway. A compos- 
ite variable of amount of reinforcement 
and temporal spacing of trials was re- 
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ported by Gagné (7) to relate systema- 
tically to runway latencies, but no con- 
clusion as to the effect of amount alone 
could be drawn. This assembly of ex- 
perimental data does not provide a well- 
defined picture of the role of amount of 
reinforcement in determining the course 
of the behavioral processes when latency 
is the index of performance. 

If latencies were a characteristically 
poor measure, this deficiency would not 
be of great consequence. But latency, 
on the contrary, has proven to be a 
fruitful measure, for a number of reasons 
which may profitably be reviewed here. 
Latency has been used in conventional 
types of experimental situations such as 
the lever-pressing, jumping-stand, and 
runway (3, 4,9, 7, 8,17, 18, 19,21), to 
demonstrate successfully a wide range of 
behavioral phenomena. As has been 
pointed out by Graham and Gagné (9), 
latency quantifies in units of a known 
physical dimension, and thus facilitates 
comparison with the data of related 
disciplines. This measure, when ex- 


pressed in logarithmic form, tends to 


give a normal distribution of scores. 
With means and medians roughly coinci- 
dent, the number of quantitative laws 
necessary to describe the same process is 
thus reduced. For these reasons, in 
addition to a practical consideration of 
ease of recording, latency ranks high in 
importance as a quantitative index of 
response strength, and the sensitivity of 
this measure to such a major stimulus 
variable as amount of reinforcement 
takes on significance. 


The purpose of the present in- 
vestigation lies in the determination 
of the functional relationship between 
the amount of positive reinforcement 
and one or more of the constants of 
the empirical acquisition and extinc- 
tion equations containing latency of 
response as dependent variable. An 
auxiliary purpose seeks the answer to 
the question, “What is the effect of 
a change in amount of reinforcement 
on latencies late in the stages of 
acquisition?” 
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APPARATUS 


The apparatus employed in this experiment 
was a modified form of that devised by Graham 
and Gagné (9). It consisted of a simple, 
straight runway 1} in. wide and 3 ft. long, 
elevated 3 ft., with a small platform (7 X 10 
in.) at each end. A starting box with inside 
dimensions (7? X 6} X 6 in.), open in front 
and covered on top with wire screen, was placed 
on one platform; a food box of the same dimen- 
sions was placed on the other. Small doors 
of the guillotine type separated the platforms 
from the runway. These could be quietly 
raised and lowered by the experimenter, thus 
controlling the animal’s access to the runway 
from either box. The back of the starting box 
was hinged to permit entrance of the rat prior 
to each trial. The back of the food box was 
provided with a handle by means of which the 
experimenter could take the box from its plat- 
form to remove the rat at the termination of each 
trial. 

With the exception of the platforms and 
boxes, the whole apparatus was contained within 
a wooden frame covered with cheesecloth. The 
runway was illuminated from within the frame- 
work (illuminometer reading of 1.38 ml. from 
the runway). Since the experimental room was 
darkened, the cheesecloth served as a relatively 
effective one-way screen. 

The exposed surfaces of the apparatus, in- 
cluding the starting box, were painted a flat 
white with the exception of the food box, which 
was painted a flat black to clearly differentiate 
it from the starting box. 

Measurements of latency and of running time 
were taken by means of two electric .ot-sec. 
timers controlled by manual switches located on 
the frame of the apparatus. 

In another part of the experimental room was 
an elevated practice runway of the same dimen- 
sions as the experimental runway, but not en- 
closed within a framework and not provided 
with platforms or boxes at either end. 


ANIMALS AND PROCEDURE 


Animals.—101 male white rats of Wistar 
strain were used in this experiment. Of these, 
96 contributed to the data presented, 3 having 
been excluded for failure to leave the starting 
box on the first trial within 5 min., and 2 
having been discarded after accidental injury. 

Table I describes the basis for distribution of 
the animals into three groups. The ages and 


*The apparatus was constructed by Mar- 
garet Raben for use in an investigation of 
stimulus generalization. 
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TABLE I 





CHARACTERISTICS OF THREE EXPERIMENTAL Groups 





Age 
(days) 


Average 
Weight 
(ounces) 


Previous Training Experimental Treatment 





80 to 120 8.0 


Acquisition with vary- 
ing amounts of rein- 
forcement; and extinc- 
tion 


None 





Group Il go to 110 


Acq; further acq. with 
change in amount of 
reinforcement; and ex- 
| tinction 





Group III Approx. 100 




















Lever pressing, acq. | Same as Group II 
and ext. 








weights tabulated are those at the beginning of 
the experiment. An average weight increase of 
0.4 0z. was recorded at the end of approximately 
one month’s experimentation. Litter relation- 
ships were not known, and were assumed to be 
randomly distributed among all groupings. 
Groups II and III were run in the same daily 
sessions during the month of August; those in 
Group I during July. 

Preliminary training.—All animals were given 
10 daily sessions of preliminary training on the 
practice runway, during which time they were 
maintained on a schedule of one daily feeding of 
2.4 gm. of ‘process’ cheese and 4.6 gm. of ground 
Purina dog checkers given after the daily session. 
Each rat was allowed to run without reinforce- 
ment on the practice runway for a minimum of 
three min., extended until at least two complete 
traversals had been made. The number of 
traversals of each rat during the three min. was 
recorded in order to serve as a rough index of 
unconditioned activity level and subsequently 
as a basis for equating groups of animals prior 
to the experiment proper. Following this 
practice run by some variable time period within 
an hour, the animal was habituated for several 
minutes to the starting and goal boxes which had 
been removed from the experimental runway. 
On the last three days of preliminary training, a 
few small pieces of cheese were placed within 
the small dish inside the goal box. While this 
procedure would tend to cause the goal box to 
become a secondary reinforcing agent present at 
the end of the first acquisition trial—a super- 
fluous condition for the processes to be studied—, 
it had the advantage of also ensuring immediate 
primary (food) reinforcement for those animals 
who were to receive very small pieces of cheese. 
These animals might otherwise encounter their 
reinforcement in the goal box only after con- 


siderable delay. At the termination of the pre- 
liminary training the animals of Group I were 
divided into subgroups of 10, each being equated 
for weight and activity level on the practice 
runway, and each assigned a different amount of 
reinforcement, .2, .4, .8, or 1.6 gm. to start 
acquisition. Group III was divided into simi- 
larly equated halves, one to receive .o5 gm., the 
other 2.4 gm. on each trial of acquisition. Group 
II was given identical preliminary training, but 
was not subdivided into smaller groups before 
starting acquisition on .60 gm. of reinforcement. 

The average deviation of all cheese weight 
measurements varied from 5 percent for the 
heaviest pieces to 10 percent for the lightest. 

Experimental procedure-—Any experiment 
designed to isolate the effects of different quanti- 
ties of reinforcement must separate and control 
changes of drive state and spacing of trials, since 
these factors are known to be relevant, and tend 
to vary concurrently with changes in the amount 
of reinforcement. Larger amounts of food take 
longer to eat and decrease the drive state to a 
greater extent than do smaller amounts. Since 
it was desired to make a trial-by-trial compari- 
son between groups rewarded with different 
weights of cheese, it was necessary that rats of 
all groups enter each trial with the same drive 
and at a constant interval after the preceding 
trial. The only solution lay in the radical 
spacing of trials. One trial a day brings each 
rat into the experimental situation with approxi- 
mately 23 hours’ food drive and at an inter-trial 
interval of 24 hours. While eating time did not 
affect temporal spacing of trials, it was significant 
in setting a practical upper limit on the amount 
of reinforcement. Doubling the largest amount 
of 2.4 gm. would have doubled the length of the 
daily experimental session, making it difficult to 
deal with the same numbers of animals. 
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Except for the modifications required by the 
independent variable and long inter-trial periods, 
the specific details of procedure were nearly the 
same as those usually employed with this run- 
way. The animal was carried manually from 
the living cage to the starting box where it re- 
mained for a minimum of 15 sec. When the 
animal faced the door leading to the runway, the 
door was opened, and the latency of the response 
of leaving the box (disregarding the rat’s tail) 
was measured. The difference in time between 
the exit from the starting box and the entrance 
into the goal box, the running time, was also 
measured.’ The door to the goal box was 
closed gently behind the rat, and he was allowed 
just sufficient time to eat the quantity of cheese 
allotted him before his removal to the living 
cage. At a variable time between 40 and 60 
min. later, the animal received 4.6 gm. of ground 
dog chow, and an arnount of cheese equal to the 
difference between the particular amount re- 
ceived as reinforcement and 2.4 gm. In this 
manner the diet for all animals was kept constant. 

Acquisition with varying amounts of reinforce- 
ment.—The four groups receiving .2, .4, .8, and 
1.6 gm. were given 18 daily acquisition trials, 
at the end of which the average log latencies for 
all groups had not differed significantly for at 
least the last 6 trials. The .o5- and 2.4-gm. 
groups also achieved asymptotic latencies within 
18 trials, but were given one additional day’s 
training because it was not expedient on that 
day to change them to a new schedule. The 40 
animals comprising the .60-gm. group were given 
just 18 learning trials. 

Extinction.—For 10 trials on the day following 
acquisition, the animals in the .2-, .4-, .8-, and 
1.6-gm., groups were changed to zero amount of 
reinforcement, and thus underwent extinction. 
The need for one-trial-a-day spacing no longer 
being present, the inter-trial interval in extinc- 
tion was made as low as possible to hasten the 
process. A massing interval of 20 sec. was em- 
ployed. It had been intended to use as a cri- 
terion of complete extinction the conventional 
3 or § min. of lack of response, but so many 
animals failed to meet either of these criteria 
within 50 trials that the extinction period was 
finally set at 10 trials. Further decrement in 
response magnitude beyond the first 10 extinc- 
tion trials was generally not great in those cases 


™The running-time data will not be pre- 
sented. The running-times proved to be less 
sensitive to variation of the parameter of 
amount of reinforcement than the corresponding 


latency measures. The direction of change was 
always the same as that of the latency measure, 
but the magnitude was not as significant. 


DAVID ZEAMAN 


in which observations were made. Further- 
more, the fact that all animals ran at least 10 
extinction trials, but not all ran 11 trials, makes 
the choice of the number 10 somewhat less 
arbitrary. 

Further acquisition with a change in amount of 
reinforcement; and extinction.—On the day fol- 
lowing the last acquisition trial, the two groups 
of eight animals receiving .o5 and 2.4 gm. had 
their respective amounts of reinforcement re- 
versed, and were given eight further daily trials 
with the opposite amounts. 

Also on the day following the last acquisition 
trial the 40 rats in the .60 group were subdivided 
into five groups of eight animals, equated for 
weight and for the average log latency on the last 
six days of acquisition. Each group was then 
assigned one of the following amounts, .05, .20, 
.60, 1.20, or 2.40 gm., and was run for eight 
further daily trials under the new conditions of 
reinforcement. 

An extinction procedure identical to that 
described above was carried out on all animals in 
these change-in-amount groups. 


REsuULTs AND Discussion 


Acquisition—Fig. 1 shows the 
family of acquisition curves generated 
by the parameter of amount of rein- 
forcement. ‘The points through 
which the curves have been drawn 
represent the average log latent 
period on each trial for seven groups 
of rats running for .05, .20, .40, .60, 
.80, 1.60, and 2.40 gm. of reinforce- 
ment. The upper set of curves in 
Fig. 1 permits an inspection of the 
goodness of fit of the empirical points 
to the curves. The curves have been 
fitted to the data by means of a 
slightly modified form of the equation 
found by Graham and Gagné (9) to 
describe the acquisition process The 


* For the numerical values of these average 
log latent periods, the standard errors of the log 
values at each trial, and similar tables for all 
graphical material presented in this paper, order 
Document 2650 from American Documentation 
Institute, 1719 N Street, N.W., Washington 6, 
D.C., remitting $0.50 for microfilm (images one 
in. high on standard 35 mm. motion picture 
film) or $0.50 for photocopies (6 X 8 in.) read- 
able without optical aid. 
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Fic. 1. Thelower set of curves describes the course of acquisition for each of six different amounts 
of reinforcement. The upper set of curves is the same set separated on the ordinate to facilitate 
inspection of the experimental points of each amount-group. 
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modification® consists of substituting 
the expression (n — 1), the number of 
reinforced trials, in the original equa- 
tion which then becomes 


P = (Pn — P.)C-*'+ Pe. (1) 


where P is the latent period at any 
trial; P,,, the ‘true’ first trial latency; 
P,, the latency after many trials, i.e., 
the asymptote; and C, a constant pre- 
sumed to have spacing of trials as 
one of its determinants (7,9). By 
‘true’ first trial latency is meant that 
latency which the animals would as- 
sume if they were allowed to run for 
a number of trials with no reinforce- 
ment. This equation has the ad- 
vantage of placing P,, at trial 1 (first 
reinforcement), where it may be 
compared with the empirical latency 
value on that trial. Mote and Finger 
(17) have demonstrated that the best 
estimate of unconditioned operant 
level was in the range of .44 log latent 
period units below that observed on 
the first trial. Fig. 1 reveals that for 
every group the calculated P,, fell be- 
low the corresponding empirical 
points, the average decrement being 
.37. P,» was calculated, together with 
C, by transposing equation (1) to 
linear form, a plot of log (P — Pz) 
against (n + 1) conforming approxi- 
mately to a straight line with a nega- 
tive slope equal to the antilog of C 
and a y-intercept equal to the antilog 
of (P, — P,)..° The value of the 
asymptote, P,, in those calculations 
was obtained for each amount-group 
by averaging the mean log latencies 
of the last six trials of acquisition 
(trials 14-19). Table II presents 
constants of the acquisition equation 
for each of the quantities of reinforce- 


®This modification does not greatly change 
the shape or position of the curve except for 
the very early trials in acquisition, the least 
reliable portion of the curve. 

10 As determined by the method of averages. 
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TABLE II 


Vatues or Constants * 1n AcQuIsITION 
AND Extinction Equations UnpER 
Varyinc ConpitTions or AMOUNT 
oF REINFORCEMENT 








Acquisition Extinction 
Amount 


in grams 





Cc Pm Pi 





16.2 
15.7 
1.40 | 10.7 
1.45 | 11.8 
1.45 | 7-9 
1.45 | 14.6 


1.45 
1.45 


1.90 
1.67 
1.07 























* These constants are expressed in units of 
seconds. 


ment except those in Group II, the 
.60-gm. amount-group, which proved 
to be not comparable. It had been 
intended that the 40 animals in the 
.60 group would be comparable to the 
previous experimental animals in all 
relevant respects. To this end, a 
group of animals were obtained, 
equated to the previous animals for 
the center of the age range. This cri- 
terion did not prove sufficient to pro- 
vide the near identity of the two 
groups for weight and activity level 
on the practice runway. Of these 
two variables, weight is undoubtedly 
not significant, since it did not cor- 
relate with the asymptote of the 
individual animals within the .60 
group. The difference in activity 
level can possibly be ascribed to litter 
differences which were not known. 
This difficulty was not encountered 
with the animals in the other amount 
groups who were matched for activity 
level prior to experimentation. 

Fig. 2 depicts the course of acquisi- 
tion for the 40 animals in the .60-gm. 
group. ‘Two equation forms are fitted 
to the data, an exponential (equation 
1) and a power function of the type 
used by Felsinger, Gladstone, Yama- 
guchi, and Hull (3) to describe the 
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Acquisition data of the 40 animals in the .60-gm. group, fitted by two types of equation 
The exponential equation (solid line) is: 


Latency = 15.2 (1.54)-"*! + .g1, 


and the power function (dotted line) is: 


Latency = 50 (n)?3 + .91, 


where n is the number of reinforcements. 


Eight further acquisition trials under changed amounts 


of reinforcement are represented by curves drawn by inspection through the experimental points. 
The extinction process is represented by the experimental points connected by straight lines. 


empirical latency learning curve ob- 
tained from the rat in a bar-press 
situation. The power function fits 
the data for the early trials better 
than does the exponential equation, 
and hence must be regarded as the 
better description of the empirical 
latency learning curve. On the other 
hand, the deviation of the exponential 
curve from the first point cannot be 
evaluated as simple error, since the 
deviation has testable consequences 
involving the independent measure- 
ment of the unconditioned operant 
level. The choice between the two 
forms of equations can be left open to 
theoretical considerations. 

The effect of amount of reinforce- 
ment on the process of acquisition is 
seen most readily in Table II, which 
lists the constants of the equations 
for comparable amount groups, and in 
Fig. 3, which graphically relates the 
independent and one of the dependent 
variables of this investigation. Of 
these three constants, only P., the 


asymptotic latency, undergoes sys- 
tematic variation with the amount of 
reinforcement. Consequently, this is 
plotted in Fig. 3 as a function of the 
log gram weight of reinforcement. 
The resultant curve is negative in 
slope and tends to be slightly posi- 
tively accelerated over the weight 
range tested. 

The constant C is relatively in- 
variant for all conditions of amount; 
and while P,,—the predicted starting 
point of conditioning—does vary con- 
siderably, its variation is not sys- 
tematic." 


il Many replications of the present experiment 
would provide groups of animals more nearly 
equated for the ‘true’ first trial latency (Pm). 
The reduction in variation of P,, either experi- 
mentally through replication or by means of 
some suitable statistical manipulation of the 
entire functions as has been suggested by Pro- 
fessor I. Lorge, might alter the relationships 
found to hold between amount of reinforcement 
and the other parameters, C and P,. The 
seven first-trial, experimentally observed, la- 
tencies contained no significant differences. 
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The relation between the quantity of food reinforcement and the final latency asymptotes 


established by training with constant amounts (solid lines), by changing the amounts from an inter- 
mediate, .60 gm. level (broken lines), and by interchanging the smallest and largest amounts of rein- 


forcement (crossed circles). 


Whether P,, the mean of trials 
14-19, is justifiably looked upon as an 
asymptote has been statistically 
tested." A null hypothesis was set 
up that the criterion variable P,, was 
unaffected by further increases in the 
trial variable; or, in other terms, that 
the series of latency means from trial 
14 through trial 19 was a horizontal 
straight line. F-tests were performed 
with a ‘trials X animals interaction’ 
variance used as the measure of ex- 
perimental error. None of the prob- 
ability values of the F’s obtained ap- 
proached the .os level of significance, 


3 The choice of trial 14 as the point at which 
asymptotes begin was determined by an in- 
spection of the present curves and other similar 
runway latency curves in the literature. These 
all indicate that latency changes do tend to 
occur before but not after the 14th trial. 


thus permitting the null hypothesis to 
be retained. In reference to latencies, 
the term ‘asymptote’ throughout this 
paper is statistically defined as meet- 
ing this F-test for horizontal linearity. 
It does not mean a value obtained by 
extrapolation to the point of infinite 
trials. 

The reliabilities of the asymptote 
differences produced by the variation 
of amount of reinforcement were 
determined by t-tests. These proved 
to be very insensitive tests because 
of the large variance within groups. 
A generalization drawn from an 
examination of individual ¢-tests sets 
the magnitude of increase of amount 
of reinforcement necessary to produce 
a significant latency decrease, at a 
minimum of a fourfold change. This 
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corroborates a similar finding by 
Crespi (1) for a different measure of 
response strength. 

Another statistical test of the 
significance of the differences be- 
tween amount-asymptotes proved to 
be more sensitive. It was noted that 
the t-test frequently showed two sets 
of asymptotic latencies for two 
amounts to be not significantly differ- 
ent, when the individual points of one 
set always fell above the points of the 
other for the six asymptotic trials. 
If the assumption is made that at each 
trial there are two points randomly 
drawn from the same population, the 
probability of the point from the one 
amount-group falling above that of 
the other is equal to 4. The usual 
method of combining probabilities 
based on the binomial expansion will 
give the chance frequency of any 
combination of ‘aboves’ and ‘belows,’ 
with no assumption made as to the 
distribution characteristics of the 
point population sampled at each 
trial.” 


TABLE III 


PROBABILITIES OF THE CHANCE OccURRENCE 
OF THE OsseRvVED CoMBINATIONS 








Amount 
(grams) 























The chance frequency of obtaining 


six consecutive ‘aboves’ for a given 
amount-group is 1/64, or two percent. 
The smaller amount-groups’ mean 
latency always tended to be above 
that of the larger. Table III con- 
tains the probabilities that the ob- 


% Grant (10) presents a convenient formula 
for this type of test, 
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served frequencies of being above were 
due to chance. 

Eleven out of the 15 possible asymp- 
totic differences are seen to be signifi- 
cant at the 2 percent level of confi- 
dence. Application of the same test 
to the entire learning curves, exclu- 
sive of the first trial, increases the 
number of significant differences to 
13 outof15. The failure reported by 
Lawrence and Miller (16) to get 
significant differences in latencies be- 
tween their .04- and .16-gm. groups 
is paralleled in the present experiment 
when the /-test is applied to the differ- 
ence between the asymptotes of the 
.0§ and .20 groups. The simple 
combined probabilities test, however, 
reveals that the difference between 
the .o5- and .20-gm. groups is signifi- 
cant at the two percent level. 

Extinction.—The systematic weak- 
ening of the strength of response dur- 
ing the process of extinction is shown 
in Fig. 4. A sharp increase in the 
latencies of all groups can be observed 
during the first few trials of extinc- 
tion, followed by a gradual sloping 
off of the rate of rise, until at trial 10 
the curves appear to be approaching a 
common level. Approximately half 
of the animals in each group were 
carried beyond the tenth trial in an 
unsuccessful attempt to find the 
number of trials necessary to reach a 
criterion of three minutes of no re- 
sponse, and for all these animals the 
latency variation after trial 10 cen- 
tered about a common geometric 
mean of 20sec. This value of 20 sec. 
was set equal to P,, a constant rep- 
resenting the final level of response 
strength in the equation 


P=(P,— Pye + Py, (2) 


where P is the latency at any trial; 
P,, the first extinction trial latency 
(and last acquisition trial); c, an 
empirical] constant; and 9, the ordinal 
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Extinction of each of four amount-groups. 
from values calculated from equation (2) and the constants of Table III. 




















19 
TRIALS 


The lower set of curves has been plotted 
The upper set of curves is 


the same set elevated on the ordinate to prevent overlapping of the experimental points which have 


been included. 


number of the extinction trial. This 
equation has previously been found 
to be descriptive of the extinction 
process as measured by runway la- 
tency (9). A curve-fitting procedure 
was employed identical to that used 
for the acquisition equations. Fig. 4 
shows the goodness-of-fit of the com- 
puted curves to the experimental 


points. The values of the constants 
contained in the equations of the 
different amount groups are listed in 
Table II. 

To be contrasted with the fact that 
amount of reinforcement caused sys- 
tematic variation of the acquisition 
equation constant, P,—the asymp- 
tote or final level—is the observation 
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that the final level in extinction re- 
mains invariant while ¢, the constant 
controlling rate-of-approach to the 
final level, does functionally relate to 
the amount parameter. Since resist- 
ance to extinction may be indicated 
by either slower rate of approach to a 
final limit, or by a lower final limit, 
or both, the variation in ¢ may be 
interpreted as meaning that greater 
resistance to extinction is associated 
with greater amounts of reinforce- 
ment. 

The significances of the differences 
between the four sets of extinction 
points have been tested by extending 
the probability technique described 
above to apply to the nine extinction 
trials. The differences between all 
amount groups except between the 
.20- and .40-gm. groups are significant 
on at least the two percent level. 

Change in amount.—The effect of 
changes of reinforcement on _ the 


asymptotic latencies reached by ani- 


mals trained on an_ intermediate 
amount of reward of .60 gm. is rep- 
resented graphically in the section of 
Fig. 2 designated ‘change in amount.’ 
The course of change is shown for the 
five equated groups during the eight 
additional trials under the amounts 
specified. 

The one group maintained on .60 


gm. as a control group deviated very ° 


little from the .60 asymptote latency 
of —.02 log units. The mean latency 
of the last six of the eight additional 
trials for this group was —.o1 log 
unit. The remaining four groups 
underwent changes in latency directly 
related to the change in amount of re- 
inforcement. The last six trials for 
these groups met the F-test for 
horizontal linearity with mean latency 
asymptotes for the .05-, .20-, 1.2- 
and 2.4-gm. groups equal, respec- 
tively, to .21, .05, —.09, and —.19 log 
units. Here, as with animals trained 
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with no change in amount, the /-tests 
of the significance of the asymptote 
differences show that a minimum of a 
fourfold change in amount of rein- 
forcement is required to produce a 
significant asymptote difference (five 
percent level). At the lower amount 
levels, as great as a twelvefold change 
is necessary for the effect to take 
place. 

Again, the simple combined prob- 
abilities test of significance proved the 
more sensitive, and brought out 
significant differences on the one 
percent level for 8 of the 10 possible 
comparisons. The remaining two 
comparisons bordered on significance 
at the six percent level. 

A comparison of the after-change 
asymptotes for each amount with 
those obtained by the no-change pro- 
cedure is made most clearly in Fig. 3. 
The shapes of the two functions are 
similar, both being negative in slope 
and positively accelerated. A 
marked difference is present, how- 
ever, in the position of the two curves 
with respect to the latency ordinate. 
The difference is consistent with the 
measurement taken during the pre- 
liminary training which showed the 
40 animals originally in the .60-gm. 
group to be faster-moving animals. 
If this, presumably native, speed or 
activity difference is cancelled graph- 
ically by moving the change in amount 
function upward, by approximately 
.13 log latency units, there appear no 
‘contrast’ effects, i.e., the largest 
changes in amount do not produce 
changes in latency asymptotes greater 
than that predicted by the simple 
learning curve asymptotes under dif- 
ferent amounts. This negative evi- 
dence does not weigh heavily, inas- 
much as the maximum changes in 
amount (12-fold decrement and a 
4-fold increment) might not have 
been great enough to show the effect. 
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The interchange of amount of re- 
ward of the .os- and 2.4-gm. groups 
provides a fiftyfold change of amount, 
and hence a more critical test for the 
presence of contrast effects. The re- 
sults of this test are presented in Fig. 
5. Following the establishment of 
the horizontal performance levels at 
.36 log units for the .o5-gm. group and 
at —.08 log units for the 2.4-gm. 
group, the reversal of amounts for 
these two groups on the 2oth day’s 
trial caused an immediate, significant 
reversal of the latency magnitudes, 
measurable on the next day’s trial and 
persistent throughout the remaining 
six days of changed amount. Al- 
though every trial mean difference 
between the .oS- and 2.4-groups is 
significant at the one percent level, 
the comparison which must be made 
to test for the contrast effect is be- 
tween the asymptote before and after 
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change for each of the two amounts. 
An extrapolation of the pre-change 
asymptote into the post-change trials 
has been made in Fig. 5, which reduces 
the contrast effect to an area between 
the pre- and post-change asymptotes. 
The significance of this effect can be 
tested by setting up the assumption 
that there is no difference between the 
populations of pre- and post-change 
asymptote latencies, from which it 
follows that the chances of a post- 
change latency value falling above 
the extrapolated pre-change mean 
are equal to the chances of it falling 
below. An examination of Fig. 5 
reveals that four of the six trial points 
for the .o5 group fell above the pre- 
dicted mean, and that the entire six 
points of the 2.4 group fell below the 
expected mean. The probabilities of 
these frequencies, given the assump- 
tions of equiprobability, are 7/64 
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Fic. 5. The effect of reversing the amounts of reinforcement of two groups trained to asymptotic 
latencies on .05 and 2.4 gm. reinforcement. The extrapolation of the pre-change asymptotes as dotted 
lines provides a graphic picture of the extent of contrast effects, which take the form of areas between 
the dotted lines and the solid curves drawn by inspection through the experimental points. The ex- 
tinction curves have also been drawn by inspection. 
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and 1/64, or 34 and 2 percent, re- 
spectively. The contrast produced 
by the fiftyfold change is significant, 
therefore, for the increment but not 
the decrement in amount of reinforce- 
ment. 

Extinction after the change in 
amount.—The course of extinction 
after the change in amount of rein- 
forcement is depicted in Figs. 2 and 5. 
The curves presented in Fig. 5 have 
been drawn by inspection through the 
experimental points, the variability 
being too great to warrant the fitting 
of equations. The experimental 
points in Fig. 2 have been connected 
by straight lines to help overcome the 
confusion of overlapping. A direct 
relation between asymptote level and 
resistance to extinction can be seen to 
exist in Fig. 2, the lower the asymp- 
tote the lower the latency tends to be 
for any extinction trial up to approxi- 
mately the fourth trial, after which 
the three intermediate amount groups, 
1.2, .60 and .20 gm., assume a common 
level of responding. The extreme 
amount groups, 2.4 and .05, remain 
separated throughout the ten trials 
of extinction, a possible manifestation 
of positive and negative contrast 
effects. 

Application of the type of statistical 
analysis used previously brought out 
significant differences on at least the 
two-percent level between the ex- 
treme amounts, and between each 
extreme amount and at least one of 
the intermediate amounts. None of 
the differences between the three 
intermediate amounts was significant. 

The extinction of the two groups 
subjected to the reversal of .o5 and 
2.4 gm. is shown in Fig. 5. Again, 
the strength of responding before ex- 
tinction determines the strength dur- 
ing extinction. The effect of the 
eight days’ reversal of amount is 
apparently greater than the 19 days 
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training on the original amounts. 
Since all nine extinction trial values of 
the .o5 group exceed those of the 2.4 
group, the difference between them is 
significant at the one-percent level. 

Theoretical.—lf it is assumed that 
the log latency measure is inversely 
and linearly related to Hull’s inter- 
vening variable sEr, and also, as a 
consequence of constant drive, in- 
versely proportional to the quantita- 
tive construct habit strength (sp), 
then Hull’s theoretical description of 
the growth of habit strength under 
different amounts of reinforcement 
becomes applicable to the empirical 
learning functions of this investiga- 
tion. Hull (13) states that the law of 
simple habit strength acquisition is an 
exponential function of the number 
(N) of reinforcements, mathematic- 
ally expressible as 


sHp = m(1—e-) 


where 7 is a constant controlling the 
rate-of-approach of the learning curve 
to m, the limit of habit strength 
growth. Of the two constants, 7 and 
m, it is the latter which is postulated 
to be functionally related to the 
amount of reinforcement. Since 
Hull’s acquisition equation and the 
equations fitted to the empirical 
learning curves of the present experi- 
ment are the the same general expon- 
ential form, a reasonably precise test 
of theory was possible. The latency 
asymptote (P,) corresponds to the 
limit of habit strength (m), and the 
constant C governing the learning 
curves’ rate-of-approach to P, cor- 
responds closely to Hull’s constant 1. 
The findings of this investigation with 
respect to these constants were com- 
pletely in conformity with theoretical 
expectations. The limits of learning 
were found to be a positive monotonic 
function of the amount of reinforce- 
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ment, while the rate-of-approach to 
the limits remained constant. 

Still further confirming evidence of 
Hull’s amount-of-reinforcement hy- 
pothesis may be adduced from the 
data of another possible index of habit 
strength, resistance to extinction. 
This measure took the form of the ex- 
tinction-equation constant, c, which 
represents the rate-of-approach to the 
final low level of responding. This 
constant also bore a positive mono- 
tonic relation to the amount of rein- 
forcement, as theory predicted. 

The systematization put forth in 
Principles of behavior (13) purports to 
account for the effects of a change in 
the amount of reinforcement at any 
time during the process of reinforce- 
ment. Hull provides an_ explicit 


mechanism for the increase in amount 
of reinforcement, but none for the cor- 
responding case of amount-decrease, 
regarded as a more complex problem 
involving 


extinction effects. The 
mechanism proposed is that, at any 
trial after the start of acquisition on 
a given amount, the introduction of a 
greater amount will cause the curve 
of acquisition to rise as a simple 
growth function approaching the limit 
associated with the greater amount. 
The data of this experiment are in 
accord with this notion, although there 
is some indication that large incre- 
ments introduce contrast effects re- 
quiring more elaborate explanation. 
The experimental demonstration of 
the response strength decrement in- 
duced by lowering the quantity of re- 
ward provides a basis for speculation 
as to the kind of explanatory mecha- 
nism which would predict the effect 
and yet be compatible with other re- 
lationships within the _ theoretical 
structure. There are two obvious 
possibilities to be considered. The 
first is simply that further reinforce- 
ment under diminished amount re- 
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duces the limit of rise of habit 
strength to that associated with the 
lesser amount; and if it should be the 
case that this lower limit were already 
exceeded, sHp would decrease ex- 
ponentially with further reinforce- 
ments until that lower limit were 
reached. 

The second possibility concerns a 
shut-off mechanism whereby sHp 
remains constant when further rein- 
forcements are with lesser amounts 
whose m values are not great enough 
to support the already existing sHp. 
The observed decrease of response 
strength accompanying reduction in 
reward is then accounted for in terms 
of the accumulation of reactive in- 
hibition (Jz) and conditioned inhibi- 
tion (sz), which builds up as a func- 
tion of the work done in the situation. 

Of these two possibilities, the sec- 
ond is the less likely for the following 
reasons. First, the radical spacing 
procedure eliminated the accumula- 
tion of reactive inhibition, (Jz), so 
that any response decrement would 
have to be attributed to conditioned 
inhibition (s/r). But since slp is 
itself dependent upon accumulation 
of Ip, there is little likelihood of this 
factor being quantitatively strong 
enough ‘to account for the demon- 
strated extinction effects. The sec- 
ond reason lies in the failure of this 
type of mechanism to account for the 
correlation between amount of re- 
ward and response decrement. There 
is no reason why the groups shifted 
to smaller amounts should have devel- 
oped greater inhibitional tendencies 
to lengthen their latencies. 

In summary, this means that the 
quantitative reduction in amount of 
reinforcement probably acts through 
the agency of a reduction in habit 
strength (sHp), rather than through 
the build-up of inhibition (Jpg and 
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slr), to depress the 
response. 

The most important consequences 
of this analysis become apparent when 
it is extended to apply to a special 
case of change-in-amount-of-rein- 
forcement, that of reduction to zero 
amount—the operation of experi- 
mental extinction. It may be noted 
that in Hull’s theoretical system ex- 
tinction is attributed not to the drain- 
ing off of se by non-reinforced elici- 
tations, but to the accumulation of 
the two kinds of inhibition. If the 
present analysis is correct, extinction 
it to be regarded both as a reduction 
in amount of reward involving a 
greater drainage of s//z than less 
extreme reductions, and also as an 
accumulation of inhibition. While 
there are undoubtedly many differ- 
ential consequences of these two alter- 
native interpretations, a conclusive 
test of the ‘drainage’ view would con- 
sist of a demonstration of extinction 


strength of 


with no evidence of inhibition present. 
In experimental terms this means 
eliminating /p by reducing response 


work, spacing extinction trials at 
one-a-day, then testing for slp at 
various stages of extinction through 
the ability of slp to generalize to 
other responses (13, p. 267; 23) and 
its tendency to be reduced (disin- 
hibited) by extraneous stimuli (13, 
p. 287; 14). 

Up to this point, the complexities 
introduced by the evidence of the 
contrast effects have not received a 
theoretical treatment. Crespi (1, 2) 
has theorized extensively about the 
relationships between level of perform- 
ance and amount of reinforcement, 
his conception being that the quantity 
of incentive acts upon behavior 
through variation of the drive (D) 
rather than habit strength (s//p). 
Differences in the consequences of the 
two notions are not easily stated, 
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since observable behavior is mediated 
by the product of these two interven- 
ing variables (13). Whether the oper- 
ation of varying the amount of rein- 
forcement more properly belongs with 
a class of deprivation operations (D) 
or reinforcement operations (N) can- 
not be determined at present by 
weight of evidence. 

It is to be admitted that the pri- 
mary principles of the Hullian system 
have some difficulty in incorporating 
the contrast effect, and furthermore, 
that Crespi’s inferences of acquired, 
emotional drive states will have to be 
paralleled or adopted within Hull’s 
system if it is to remain compatible 
with all existing relevant data. It 
has been shown in two investigations, 
now, with two different measures of 
response magnitude, that the opera- 
tion of increasing and decreasing the 
quantity of reinforcement produces 
stronger and weaker responses than 
are attributable to primary reinforce- 
ment. The evaluation of any states 
of the organism constructed to ac- 
count for these effects depends upon 
how well the further properties of 
these states can be worked out. 
Crespi’s data and interpretation led 
him to assign short temporal courses 
to the states of ‘elation’ and ‘depres- 
sion,’ although his curves show an 
empirical basis for this only with the 
negative contrast effects. The posi- 
tive contrast effect and hence the 
state of ‘elation,’ in the present ex- 
periment and Crespi’s, showed no 
signs of dissipating at the end of the 
eight trials under increased amount. 
The heightened extinction effects com- 
prising the ‘depression,’ on the other 
hand, did not tend to last for the eight 
trials of diminished amount, for either 
latency or running speeds (1). The 
two acquired drive states, or perhaps 
the secondary reinforcing stimulus 
properties, whatever they might be, 
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must be such as to predict the differ- 
ences apparent in temporal course. 

Still another, and final,. comparison 
to be made concerns the magnitude 
of the small-amount ‘depression’ 
effect, which Crespi found to be great 
enough to weaken behavior more 
than reduction to zero amount. The 
same observation did not hold for 
the conditions and measures of 
this experiment. Extinction training 
promptly elevated the latencies of 
animals trained under every condition 
of amount. A satisfactory theoreti- 
cal account of the contrast effect 
remains to be given. 


SUMMARY AND CONCLUSIONS 


1. For the purpose of determining 
the effects of the parameter of amount 
of reinforcement on empirical acquisi- 
tion and extinction functions involv- 
ing a latency measure of response 
magnitude, seven groups of white 


rats were given well-spaced training 
on a simple elevated runway with 
amounts of food reinforcement weigh- 
ing .05, .20, .40, .60, .80, 1.60, and 


2.40 gm. When response latencies 
had reached stable asymptotes, the 
four groups receiving .20, .40, .80, and 
1.60 gm. were extinguished with 
massed trials. The groups receiving 
the largest and smallest amount had 
their rewards interchanged, and were 
then given eight additional daily trials 
before extinction. Following acquisi- 
tion, the 40 animals of the .60-gm. 
group were divided into five equated 
subgroups and given eight more daily 
trials with the following amounts: .o5, 
.20, .60, 1.20, and 2.40 gm. These 
animals were also subjected to massed 
extinction trials. 

2. The family of comparable learn- 
ing curves generated by the varying 
amounts of reinforcement differed 
significantly with respect to equation 
constants representing the final limit 
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or asymptote of latencies. The pa- 
rameter representing the rate-of-ap- 
proach to these limits remained un- 
changed. 

3. A plot of log latency asymptote 
as a function of log grams of food 
yields a curve negative in slope and 
slightly positively accelerated over the 
range tested. 

4. The greater resistance to ex- 
tinction of the larger amount-groups 
was indicated by the systematic 
variation of the extinction equation 
constants controlling the rate-of-ap- 
proach to the final level. 

5. Changes in the amount of rein- 
forcement of the intermediate amount 
group at the asymptote stage of ac- 
quisition were accompanied by cor- 
responding changes in log latency 
levels such that a plot of the new 
levels against log grams of food yielded 
a curve similar to the simple amount 
function’ described above. Greater 
resistance to extinction was again 
found to be positively related to the 
amount Of reinforcement on the 
previous acquisition trials. 

6. The reversal of amounts of the 
.05- and 2.4-gm. groups produced a 
reversal in the latency levels, but a 
comparison of the pre-change and 
post-change asymptotes for the .o5- 
gm. reinforcement showed the post- 
change to be significantly lower. 
This defines what has been called a 
positive contrast effect. A similar 
comparison for the 2.4-gm. reinforce- 
ment shows the post-change latencies 
to be higher, but not for a sufficient 
number of trials to be statistically 
significant. This tendency has been 
termed the negative contrast effect. 

7. Certain theoretical implications 
and relations to previous findings are 
considered. It is suggested that 
quantitative reduction in amount of 
reinforcement reduces strength of re- 
sponse by reducing habit strength 
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(sHe). The theory is advanced that 
extinction is to be regarded as a 
reduction in amount of reinforcement, 
and also, contrary to Hull’s view, as 
involving a _ reduction in_ habit 
strength. 


(Manuscript received August 16, 1948) 
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FACTORS INFLUENCING THE OCCURRENCE OF 
REMINISCENCE: ATTEMPTED FORMAL 
REHEARSAL DURING THE 
INTERPOLATED PERIOD! 


BY JOHN H. ROHRER? 


University of Oklahoma 


INTRODUCTION 


Theories which attempt to account 
for reminiscence may be conveniently 
regarded as falling into two catego- 
ries: first, that group of theories 
which attempts to explain the im- 
proved recall performance (i.e., the 
phenomenon of reminiscence) in terms 
of a shift, during the interpolated 
period, in the strength of the associ- 
ative tendency existing between the 
S-complex and the R. Such changes 
in associative strength have been 
variously attributed to: (a) a matura- 
tion process (16); (b) informal re- 
hearsal during the rest interval (2, 17, 
18); and (c) a differential loss of as- 
sociative strength for right and wrong 
responses (5). 

A second class of theories attempts 
to explain reminiscence in terms of a 
temporally labile inhibitory factor 
which, during acquisition, interferes 
with performance. Reminiscence is 
said to be due to a removal, during 
the interpolated interval, of the in- 
hibitory state thereby permitting the 
maximum effective associative ten- 
dency of the R to manifest itself during 
recall. Specific examples of this type 
of reminiscence theory are McClel- 
land’s (10) performance decrement 
theory, the physical fatigue theory 

1 A summary of this study (13) was presented 
at the 1946 meeting of A.P.A. 

2 Purchase of the apparatus used in this study 
was made possible by a financial grant from the 
Faculty Research Committee of the University 
of Oklahoma. The writer wishes to express 


thanks to Ruth F. Logan who ran the O's and 
aided in analyzing the data. 


suggested by Dashiell (3), and Hull’s 
reaction inhibition theory (8). The 
study reported herein was designed: 
(1) to test the hypothesis that the 
phenomenon of reminiscence results 
from a building up of the S-R associ- 
ative tendencies by rehearsal occur- 
ring during the period interpolated 
between acquisition and recall; and 
(2) to test further the hypothesis that 
the phenomenon of reminiscence re- 
sults from the dissipation, during the 
interpolated period, of an inhibitory 
tendency which originally was built 
up during acquisition through frus- 
tration or non-reward. 


MeETHOD 


The 24 naive general psychology students who 
served as Ss in this experiment were required to 
learn three discrete lists of 14 nonsense syllables 
each to a criterion of 9 out of 14 correct responses. 
The lists were presented serially on a Missouri- 
type memory drum. During both the acquisi- 
tion and recall sessions the Ss learned by the 
anticipation method. Under all conditions and 
at all sessions the syllables were exposed for 
two sec. each, with a two-sec. period between 
trials. The influence on recall of three distinct 
activities interpolated during five-min. intervals 
between the criterion learning trial and the recall 
trial was studied. Table I outlines the counter- 
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TABLE II 


Activities or Supyects Unper Eacu Conpition 








Experimental Condition 1 


Experimental Condition 2 Experimental Condition 3 





Acquisition 
Activity 


Learn List I 


Interpolated 


Symbolic activity unre- 
Activity 


lated to acquisition ac- 
tivities for 5 min. 


Recall Activity One trial of recall on List 








Learn List II Learn List III 


Read jokes for 5 min. in- 


list 


Formally rehearsed 
completely learned 
for 5 min. 


One trial of recall on 
List II 


One trial of recall on List 
Ill 








balancing design which was used. It will be 
noted that such a design confounds practice 
effects and individual differences in the learning 
ability of the Ss. It does not provide for an 
estimate of the amount of score variability due 
to the intrinsic characteristics of the lists them- 
selves. The lists were selected fromm Hull’s list 
(7) in such a manner that the positional items 
in the three lists were matched as to associational 
difficulty. It would of course follow that each 
list had equal associational difficulty. The Ss 
were assigned to the A, B, and C groups through 
the use of a table of random numbers (9). 

Table II outlines the experimental procedure 
followed. It will be noted that the influence on 
recall of three distinct interpolated activities 
was studied. The activities were interpolated 
during five-min. intervals between the criterion 
learning trial and the recall trials. Under exper- 
imental condition 1, the Ss learned List I to 
criterion, talked for five min. with a neutral 
interviewer about any topic other than his rote 
learning experiences, and was then given one 
additional recall trial on List I. Under experi- 
mental condition 2, the Ss learned List II to 
criterion, read jokes for five min., and then were 
given one additional recall trialon List II. This 
condition was included to provide a basis for 
comparison with traditional reminiscence studies. 
Under experimental condition 3, the Ss learned 
List III to criterion, attempted formal rehearsal 
of the learning material for the five-min. inter- 
polated period, and then were given one addi- 
tional recall trial on List III. 

In an earlier experiment (14) it was demon- 
strated that the occurrence of reminiscence 
could be regulated by the degree to which a 
‘nondirective’ or ‘subject’ or ‘client-orientated’ 
counseling technique was used to direct the flow 
of the S’s talk during the interpolated period. 
If the symbolic activity of the S centered around 
frustrated experiences encountered during the 
acquisition session, there was a decrement in 
performance during recall; if the symbolic 


activity of the S was unrelated to the learning 
or other frustrating experiences of the experi- 
mental session, reminiscence occurred. Experi- 
mental condition 1 of the present experiment was 
designed, in light of that earlier experiment, to 
provide a maximum reminiscence _ effect. 
During the interpolated interview the flow of 
talk of the Ss was directed or structured by the 
neutral counselor’s* opening statement plus sub- 
sequent restatements; i.e., the interview was 
structured so that the S did not talk about his 
acquisition period experiences during the five- 
min. period. The procedure for the formal 
rehearsal activity interpolated under condition 
3 was as follows: The Ss sat before the exposure 
apparatus on which 14 blank lines were exposed 
at two-sec. intervals with a two-sec. interval be- 
tween trials. The lines corresponded in position 
to the syllables on the learning list. The begin- 
ning and end of the list were designated by an 
asterisk identical to the one used with the ac- 
quisition list. The Ss were instructed to at- 


3 The writer was the ‘neutral’ counselor who 
was summoned by buzzer from an adjoining 
room. He was summoned as soon as S reached 
the criterion score. The S was unaware that 
the counselor had been summoned. Approxi- 
mately 45 sec. elapsed between the S’s final R, 
indicating he had reached the criterion, and the 
appearance of the counselor. The £ was absent 
from the room during the interview. She re- 
turned to interrupt the interview approximately 
30 sec. prior to the recall trial. The interviews 
were casual. The usual opening statement was 
an inquiry about the location of S’s home town 
followed by the minimum number of restate- 
ments required to keep the S explicitly verbaliz- 
ing concerning experiences other than those en- 
countered in the experiment or past experiences 
in which S had encountered failure. An analysis 
of the protocols of the interviews indicated that 
none of the Ss talked of identifiable failure ex- 
periences during the interpolated period. 
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tempt a subvocal rehearsal of the list they had 
just previously been learning. If rehearsal of a 
partially learned list is the variable responsible 
for the production of reminiscence, then the 
recall results of the Ss under condition 3 should 
demonstrate a marked amount of reminiscence, 
since the physical S-conditions during interpola- 
tion closely approximated the conditions which 
existed during original learning. To further 
assure similarity between acquisition and inter- 
polated activities, the Ss under this condition 
were instructed to rehearse the list at a speed 
identical to the acquisition rate of presentation, 
thereby creating a condition that more nearly 
approximated the uniform practice interval 
existing during acquisition than would be possi- 
ble under informal rehearsal circumstances. 
Empirically it is a well-established generaliza- 
tion that, other things equal, the more similar 
the S-complex during recall is to the S-complex 
present during learning, the better the resulting 
recall performance. Consequently, according 
to the informal rehearsal hypothesis, one would 
predict that the Ss under condition 3 would 
show a large amount of reminiscence, because of 
the physical similarity of the acquisition and 
interpolated activities to the recall activity. 


RESULTS 


Table III presents a summary of 
the results obtained under the various 


experimental conditions. The acquis- 
ition performance of the three groups 
was essentially the same as evidenced 
by the M’s and SD’s for the various 
conditions. None of the observed 
differences between the acquisition 
means approached the levels of con- 
fidence commonly required for statis- 
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tical significance. Column 7, show- 
ing the percent reminiscence, indi- 
cates that experimental group I was 
the only group which demonstrated an 
over-all increased score during recall. 
Twenty of the 24 Ss demonstrated an 
improved recall score under condition 
I, 12 of them demonstrated an im- 
proved recall score under condition 
2, and none of them demonstrated an 
improved recall score under condition 


3. 

It will be observed in Table III 
that there is a mean difference of 
+0.65 syllables between the mean 
criterion and recall scores for group I 
and a mean difference of —1.58 syl- 
lables between the mean criterion and 
recall scores for group III. A ques- 
tion may be raised with respect to the 
statistical significance of those ob- 
served mean differences. Student’s 
t-test (9g) for determining the signifi- 
cance of mean differences was applied 
to the data. The observed difference 
between the means of group I was 
found to be significant at the five 
percent level of confidence (df. = 
46). The observed difference for 
group II was not statistically signifi- 
cant. The observed difference be- 
tween the mean criterion and recall 
scores of group III was found to be 
significant beyond the one percent 
level of confidence. On the basis of 


TABLE Ill 


SuMMARY oF THE Mean Recati Resutts OsTatnep 
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Fic. 1. A comparison of the mean criterion and recall scores obtained by the experimental groups 


these results we may reject the hy- 
pothesis that the increased recall 
score obtained by group I and the 
decreased recall scores obtained by 
group III can be attributed to random 
errors. One may conclude that these 
observed differences were due to the 
independent variable manipulated 
during the interpolated interval, i.e., 
that the counseling activity facilitated 
recall and the formal rehearsal inter- 
fered with recall. 

Fig. 1 presents the mean difference 
between the criterion and recall scores 
foreach group. Again, it will be seen 


that the acquisition performance of 
all three groups was essentially the 
same, and that the only group which 
demonstrated an over-all improve- 
ment on recall was group I. 

Table IV presents the results of an 
analysis of the mean recall differences 
obtained under the three experimental 
conditions. It will be noted that the 
difference between conditions I and II, 
in favor of I, was significant at be- 
tween the 20 and 10 percent levels of 
confidence; that the difference be- 
tween conditions II and III was 
significant at between the 20 and 10 
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percent levels of confidence; and that 
the difference between conditions I 
and III was significant at the one 
percent level of confidence. 


Discussion oF RESULTS 


In view of the data obtained in this 
experiment the hypothesis is highly 
untenable that reminiscence can be 
attributed to rehearsal occurring dur- 
ing the interpolated period. The re- 
hearsal activity in which the Ss en- 
gaged under condition 3 resulted in a 
recall decrement, rather than in the 
increment which would be predicted 
from the rehearsal theory. Con- 
versely, the activity interpolated in 
condition 1 would minimize the op- 
portunity for rehearsal; yet it was 
under this condition that the greatest 
amount of reminiscence was obtained. 
This latter finding is in general agree- 
ment with a study by McGeoch (12), 
who found that informal rehearsal did 
not increase the amount of observed 
reminiscence. The data do favor the 
hypothesis that the phenomenon of 
reminiscence is due to the dissipation 
of an inhibitory performance factor 
which, during acquisition, interfered 
with the elicitation of the learned R. 
According to this latter interpretation, 
the increased score obtained during 
recall resulted from the dissipation, 
during the interpolated period, of a 
temporally labile inhibitory factor. 
An attempt to define further the 
nature of this inhibitory factor re- 
sponsible for reminiscence leads to 
conflicting points of view. 

Hull’s (8) reactive inhibition the- 
ory assumes that an inhibitory tend- 
ency, Jr, is built up during acquisition 
with each R made, regardless of whether 
or not the R is correct. Further, it is 
assumed that this inhibitory tendency 
reduces the effective excitatory ten- 
dency of the R; moreover, it is assumed 
that the strength of the inhibitory 
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tendency weakens continuously in 
time. Hence, from massing the ac- 
quisition trials (a necessary condition 
for the production of reminiscence) 
there results a greater accumulation 
of the inhibitory tendency, which, in 
turn, reduces the effective excitatory 
tendency as evidenced by a decrease 
in the observed strength of the R. 
The’ interpolated interval, in turn, 
provides the opportunity for the dis- 
sipation of the inhibitory state, 
thereby permitting the manifestation 
at recall of the complete uninhibited 
effective excitatory tendency of the 
acquired R. It should follow from 
this theoretical formulation that the 
amount of reminiscence exhibited 
should be directly related to the num- 
ber of responses made during acquisi- 
tion. An analysis of the data under 
condition 1 of this experiment indi- 
cated that the number of responses 
made during acquisition was not re- 
lated to the amount of reminiscence 
demonstrated. The coefficient of cor- 
relation (rho) between the total num- 
ber of responses made during acquisi- 
tion and the amount of reminiscence 
exhibited during recall was —.14. 
This result argues against Hull’s re- 
active inhibition theory. 

A second possible variable which 
could be responsible for a temporally 
labile inhibitory state is the number 
of frustrations or non-rewards that the 
S experiences during acquisition. It 
is to be noted in this connection that 
frustration, as that concept is opera- 
tionally defined by Dollard et al. 
(4), could occur during acquisition in 
at least two different places: first of 
all, non-reward would result when the 
S made an anticipation of a particular 
syllable which later was shown to be 
incorrect; secondly, non-reward could 
be a variable introduced as a result of 
a set, on the part of the S, to learn 
the list. In fact, to learn the list is 
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the over-all goal for which the S was 
set by the experimental directions. 
To the extent that this goal was not 
achieved, frustration had occurred. 
The results obtained under experi- 
mental condition 3 of the present ex- 
periment would specifically point to 
an interpretation in terms of frus- 
tration, for under this condition the 
Ss continued to be frustrated during 
the five-min. interpolated period, since 
they were attempting to recall ma- 
terial, a part of which was below the 
limen of recallability. It will be seen 
in Table III that it was under this 
condition that the poorest recall score 
was obtained. 

The results obtained under condi- 
tion 1 would also support the hypoth- 
esis that frustration was the variable 
responsible for the development of the 
inhibitory tendency, since the inter- 
polated activity under this condition 
was of such a nature as to minimize 
the amount of direct or symbolic 
frustration experienced. It was un- 
der this condition that the greatest 
amount of reminiscence was obtained. 
Finally, under condition 2 the frus- 
tration variable was not controiled 
during the interpolated period and it 
was under this condition that the 
greatest recall variability was ob- 
served. One-half of the Ss under 
condition 2 did exhibit higher scores 
at recall. An hypothesis which would 
account for the greater variability ob- 
served under this condition is as 
follows: those 12 Ss who exhibited 
reminiscence actually engaged in the 
instructed interpolated activity of 
joke reading, which would minimize 
the amount of symbolic frustration, 
permit maximum dissipation of the 
inhibitory state, and, hence, favor 
reminiscence as demonstrated in the 
results obtained under condition 1. 
Conversely, the 12 Ss under condition 
2 who showed no improvement or a 
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decrement in recall score failed to 
engage in the instructed activity of 
joke reading, but instead looked at 
the book and engaged in symbolic re- 
hearsal of the original learning list 
thereby experiencing continued sym- 
bolic frustration. As demonstrated, 
in the results obtained under condi- 
tion 3, such symbolic activities when 
resulting in non-reward, will result 
in a recall decrement. 

The assumption that frustration is 
the variable responsible for the de- 
velopment during acquisition of an 
inhibitory state is further suggested 
in the results of an earlier study (14), 
in which it was demonstrated that Ss 
who, during an interpolated period, 
engaged in verbal activities related to 
the unsuccessful acquisition of a 
partially learned list showed a decre- 
ment in subsequent recall, while Ss 
who, during an interpolated period, 
engaged in verbal activities totally 
unrelated to the acquisition of a 
partially learned list did exhibit rem- 
iniscence on subsequent recall. The 
explanation offered of those data was 
to the effect that the verbal responses 
centering around the ‘unsuccessful’ 
activity were in themselves frustrat- 
ing and hence resulted in a further ac- 
cumulation of the inhibitory state 
built up during acquisition, which was 
reflected in the lowered scores on 
recall. 

McClelland (11) has reported an 
experiment in which the Ss who 
showed the greatest amount of rem- 
iniscence were Ss who, during acquisi- 
tion, made the greatest number of 
total correct anticipations. This re- 
sult was verified under condition 1 of 
the present study. At first glance, 
such a result would seem to be damag- 
ing to a point of view which accounts 
for reminiscence in terms of an inhibi- 
tory factor resulting from frustration 
occurring during the acquisition series. 
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However, when one examines the 
conditions responsible for the produc- 
tion of reminiscence, it becomes obvi- 
ous that for reminiscence to occur at 
all, the associative strength existing 
between the S-complex and the R 
must be sufficiently great for the re- 
sponse to be above the recall limen at 
the time that recall is attempted. It 
is to be noted that the acquisition cri- 
terion which is usually used (and was 
used in the present study) leaves un- 
controlled both the total number of re- 
wards and frustrations which may occur 
during an acquisition series. It has 
been adequately demonstrated (8) 
that one of the important experi- 
mental variables determining the 
strength of an association is the num- 
ber of rewards or reinforcements. 
Hence, it would be expected that once 
the inhibitory factor had been dis- 
sipated during the interpolated period, 
those S-R associations with greater 
associative strength would more prob- 
ably manifest themselves at recall and 
thereby produce the phenomenon of 
reminiscence. It is to be noted that 
reminiscence is conceived of as being 
a function of both the excitatory and 
inhibitory tendencies, according to 
the frustration hypothesis presented 
above. 

Hovland has reported data (6) that 
demonstrate that under conditions of 
massed learning trials the number of 
error (i.e., frustrated) responses made 
increases greatly as compared with the 
number observed under distributed 
practice conditions. The massing of 
learning trials is an essential and nec- 
essary condition for the production 
of the phenomenon of reminiscence. 

One further point should be noted 
concerning the attempt to explain 
reminiscence in terms of a rehearsal 
theory. In situations for which the 
Ballard (1) and Williams (17) experi- 
mental design is a prototype, one 
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must answer the difficult question of 
how the Ss can rehearse, during the 
interpolated period, that part of the 
list which they cannot recall at the 
start of the interpolated period. It is 
that unrecalled portion of the list 
that must be brought above the limen 
of recallability before reminiscence 
can occur. 


SUMMARY 


This experiment was designed (1) 
to determine more specifically the re- 
lationship between attempted rehear- 
sal of a partially learned list during 
an interpolated period and the subse- 
quent recall of that list; and (2) to 
test further the hypothesis that the 
phenomenon of reminiscence results 
from the dissipation, during the inter- 
polated period, of an inhibitory tend- 
ency which originally was built up 
during acquisition through frustra- 
tion or non-reward. 


Data are presented which show that 
attempted rehearsal of a partially 
learned list of verbal materials during 
an interpolated period will result in a 
decrement in subsequent recall per- 


formance. The data are interpreted 
as supporting the hypothesis that the 
phenomenon of reminiscence results 
from the dissipation of an inhibitory 
tendency built up during acquisition 
as a result of non-reward or frustra- 
tion. 


(Manuscript received September 6, 1948) 
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REMINISCENCE IN PURSUIT-ROTOR LEARNING AS A 
FUNCTION OF LENGTH OF REST AND OF 
AMOUNT OF PRE-REST PRACTICE 


BY ARTHUR L. IRION 


University of Illinois} 


INTRODUCTION 


Reminiscence may be defined as 
that increase in the proficiency of 
performance of a partially learned 
act which is attributable to the effects 
of an interpolated rest period. Fol- 


lowing the studies of Ward (10) and 
Hovland (5, 6,'7), this definition has 
meant, in terms of the experimental 
paradigm reproduced below, that the 
post-rest proficiency of Group B is 
greater than the proficiency of Group 
A for the equivalent trials. 


Group A 


Original Learning 
No Rest 
Relearning 


Group B 


Original Learning 
Rest 
Relearning 


In the pursuit-rotor situation, rem- 
iniscence has been shown to be some 
inverse function of the amount of pre-rest 
practice by Bell (3). Based upon some- 
what different experimental conditions, 
Ammons’ (2) results indicate that, as 
amount of pre-rest practice increases, 
amount of reminiscence at first increases 
and then decreases. In a related study, 
Buxton (4) demonstrated that amount of 


1 The research on which this paper is based 
was performed in the Laboratories of Psychology 
at the University of Missouri. The writer 
acknowledges his indebtedness to Dr. Kenneth 
W. Spence and to Dr. Willard R. Thurlow. The 
experimental results of this study were contained 
in a dissertation presented by the writer in partial 
fulfillment of the requirements for the Ph.D. 
degree, State University of Iowa, 1947. 


reminiscence decreases as the degree of 
pre-rest proficiency increases. 

In studying reminiscence as a func- 
tion of the length of the rest interval, 
Bell (3) varied the length of a single 
rest period introduced after either 5 or 
15 one-min. trials. Five lengths of rest 
interval were used, the lengths ranging 
between 10 min. and 30 hours. After 
five trials of original practice, the vari- 
ous lengths of rest were followed by ap- 
proximately equal initial increases in 
score. The longer rests, however, caused 
effects which persisted for a longer time 
during relearning. Following 15 trials 
of original learning, short rests appeared 
to be beneficial, but longer rests caused 
an initial post-rest decrement which was 
followed by a quick recovery during re- 
learning. 

Melton (9) introduced a single rest 
period of either 20 min., two days, or 
two weeks early in massed practice on 
the Koerth pursuit-rotor. Under these 
conditions, the 20-min. rest yielded the 
greatest amount of reminiscence early in 
relearning, but the two-day rest yielded 
the best final performance. These re- 
sults are in general agreement with the 
findings of Bell (3), both with respect to 
the optimum length of rest intervals 
introduced early in practice and also 
with respect to his findings relative to 
the relationship between the length of 
rest and the slope of the relearning func- 
tion. 

Ammons (2) has obtained results 
which indicate that amount of reminis- 
cence is a negatively accelerated increas- 
ing function of the length of the rest 
period. Amount of reminiscence was 
found to increase rapidly as the length 
of rest was increased up to a rest interval 
of approximately five min. in duration. 

The warming-up effect, as it applies 
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to retention, may be defined in terms of 
the steeper slope of the relearning 
curve as compared with the slope of the 
original learning curve at the same level 
of initial proficiency. In cases where 
relearning performance is superior to 
original learning performance, as in the 
case where reminiscence occurs, the 
comparison is made between the slope 
of the relearning curve and the slope of 
the learning curve for a no-rest control 
group at a corresponding level of pro- 
ficiency. Bell (3) noted that amount of 
warming-up effect, as measured by the 
difference in score between the first and 
second relearning trials, is some function 
of the length of the rest interval. His 
results suggest that, as length of the rest 
interval increases, the amount of warm- 
ing-up effect tends at first to increase 
and then to decrease. 

In his theoretical analysis of the motor 
learning situation, Ammons (1) speaks 
of amount of warm-up decrement (that 
is, amount of loss of proficiency attribut- 
able to the need for warming-up) 
rather than of the amount of the warm- 
ing-up effect. In this analysis, Ammons 
assumes that amount of warm-up decre- 
ment is a negatively accelerated increas- 
ing function of the-length of the reten- 
tion interval. Ammons has further the- 
orized that the warming-up factor may 
be identified with a loss of set to perform 
the activity involved. In other words, 
as the length of the retention interval 
increases, the various postural and at- 
tentive adjustments necessary for opti- 
mum performance tend to be lost. The 
warming-up period is identified with the 
time during relearning in which these ad- 
justments are regained. According to 
this analysis, the greater the amount of 
pre-rest practice, the greater will be the 
number of these adjustments which will 
be acquired. Since loss of these ad- 
justments is assumed to be a simple 
decay function, it follows that amount 
of warming-up effect should be greater 
following large amounts than following 
small amounts of original practice. 
Data obtained by Ammons (2) lend 
confirmation to this implication. 
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The present study is designed to ex- 
tend the previous findings with re- 
spect to reminiscence as a function of 
amount of pre-rest practice and of the 
length of the rest period, and to 
yield some additional information re- 
garding the warming-up effect and 
the conditions under which it occurs. 


APPARATUS AND PROCEDURES 


Apparatus.—The apparatus consisted of a 
standard Koerth pursuit-rotor revolving at 60 
rpm, an electric trial-timing device, and a Stand- 
ard electric clock. The apparatus was so ar- 
ranged that trials of a standard length with a 
constant length of intervening rest could be 
presented automatically. The basic time inter- 
vals employed throughout the experiments 
consisted of 25-sec. trials separated by five-sec. 
rests. All practice was given under these work- 
rest conditions. Two sec. before the beginning 
of each trial, a signal light mounted on the ap- 
paratus flashed as a warning to the S. 

Scoring was accomplished by means of a 
Standard electric clock which was wired into 
circuit through the stylus, target, and pursuit- 
rotor relay. When the turntable was being 
turned, the clock would run whenever the 
stylus was in contact with the target. As soon 
as the pursuit-rotor motor was turned off at the 
end of a trial, the circuit to the clock was 
broken. Scores were recorded to the nearest 
0.01 sec., the finest calibration on the clock. 
Unless otherwise specified, all scores in these 
experiments may be interpreted as the length of 
time in sec. and hundredths of sec. that the S 
kept the stylus in contact with the target during 
one 25-sec. trial. 

Illumination was constant for every S in the 
experiment and consisted of the light provided 
by a 250-watt electric bulb suspended 4.5 ft. 
above the center of the pursuit-rotor turntable. 

Subjects.—All of the Ss who participated in 
these experiments were undergraduate students 
at the University of Missouri who volunteered 
their participation from the courses in general 
psychology. None of the Ss had had previous 
experience with the Koerth pursuit-rotor? No 
pre-training or trial runs were given to any S. 


2 Two peculiarities of the sample should be 
noted. The requirement that all Ss be naive 
with respect to the pursuit-rotor situation ex- 
cluded from the experiment a number of former 
Army Aviation Cadets who had received prac- 
tice on this apparatus as a portion of aircrew 
classification testing. Secondly, it should be 
noted that women as well as men served in the 
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During preliminary investigational work, one 
S was discovered who was unable to learn the 
pursuit-rotor task. In order to avoid the in- 
clusion of such Ss in the experiments, a criterion 
was established for the selection of Ss. Any S 
was discarded from the experiment if, after 10 
trials, he had failed to attain a score of 1.00 sec. 
on any single trial and provided that he was not, 
by the end of the roth trial, making the orthodox 
circular following motions. 

One hundred twenty Ss were used in the 
experiments, 15 being assigned to each of eight 
experimental conditions. 

Rest Interval Activity —During the rest inter- 
vals the Ss were permitted either to read or to 
talk with the experimenter. They were not, 
however, permitted to talk about the pursuit- 
rotor task, nor were they permitted to inspect or 
manipulate the apparatus in any way. All 
questions concerning the nature of the experi- 
ment were referred to the end of the experi- 
mental session. 


TABLE I 


OvuTLINE OF THE CONDITIONS OF 
Experiment | 








Number 
of Relearn- 
ing Trials 


Length of 
Rest 





min. 
min. 
min. 
min. 
No Rest 





UMuMuwMVv 














The Experimental Conditions.—This research 
is divided into two semi-independent experi- 
ments. The conditions of Experiment I, 
reminiscence as a function of the amount of pre- 
rest practice, are outlined in Table I. The 75 
Ss who served in this experiment were assigned 
at random to the five experimental groups. 
Each group contained 15 Ss. Three Ss were 


experiments. This arose as a result of the pre- 
liminary testing of 10 men and 10 women, the 
results of which indicated approximately equal 
mean performance as between the sexes. Later 
analysis of results indicated the presence of a 
systematic sex difference. Since the sexes were 
assigned at random to the conditions of the 
experiment, no systematic error should have 
been introduced as a result of the inclusion of 
both sexes. However, this factor would serve 
to increase the variability of the results that 
were obtained, a condition which should be 
borne in mind when interpreting the results. 
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TABLE II 


OuTLINE OF THE CONDITIONS OF 
Experiment II 








Number 
of Pre- 
Rest 
Trials 


Number 
of Relearn- 
ing Trials 


Length of 
Rest 





20 No Rest 
20 0.5 min. 
20 1.0 min. 
20 3.0 min. 
20 5.0 min. 

















discarded from the experiment due to an inability 
to learn, as determined by the application of the 
criterion previously noted. 

The conditions of Experiment II, reminis- 
cence as a function of the length of the rest inter- 
val, are outlined in Table II. One hundred five 
Ss served in this experiment. Sixty of these Ss 
(those in conditions A and E) had been run in 
connection with Experiment I, above. Conse- 
quently, random assignment of Ss to all condi- 
tions was not possible. Random assignment 
was made as between conditions A and E, and 
random assignment was also made as between 
conditions B, C, and D. However, Ss in condi- 
tions A and E had no chance of being assigned 
to conditions B, C, and D, and vice versa. One 
additional S was discarded from this experiment 
due to an inability to learn. 


RESULTS 


Experiment I1.—The mean cumula- 
tive scores for the experimental and 
control groups for the five trials pre- 
ceding and the five trials following the 
rest interval are given in Table III.’ 
It will be noted that the differences 
presented in the extreme right hand 
column of this table (for the post-rest 
trials) may be considered as measures 


3 The scores presented in Table III and Table 
IV were obtained by summing the sums of scores 
for five trials and dividing by the product of the 
number of Ss and the number of trials. In 
Table III it will be noted that the N varies be- 
tween the several control groups. This is be- 
cause it was sometimes possible to employ the 
original learning scores of Ss in other experi- 
mental groups as control scores. Thus, the 
control group for condition 1 is composed not 
only of the Ss in condition 5 but also of Ss in 
conditions 2, 3, and 4. 





TABLE III 


REMINISCENCE 


A Comparison or ExpertmENTAL AND Controt Group Scores BEFrorE AND 


Arter THE INTRODUCTION oF THE Five-Minute Rest INTERVAL. 
(Mean Cumulative Score for Five Trials) 








Five Trials Before Rest 





Condition 


Experimental 
Group Means 


Control Group 
Means 


Difference 
(In Original 
Learning) 





1 (10 Trials) 
2 (20 Trials) 
3 (30 Trials) 
4 (40 Trials) 








2.89 
4-15 
6.10 
7-38 








+0.33 
—0.01 
—0.12 
+0.06 





ive Trials After Rest 





Condition 


Experimental 
Group Means 


Control Group 
Means 


Difference 
(Amount of 
Reminiscence) 





1 (10 Trials) 8.55 
2 (20 Trials) 10.80 
3 (30 Trials) 12.17 
4 (40 Trials) 12.04 








+5.16 
+ 5.43 
+ 5.06 
+ 3.75 














of reminiscence. The differences be- 
tween the experimental and control 
groups are relatively small for the 


five trials preceding the introduction 
of the rest interval (none of these 
differences approaches statistical sig- 
nificance), whereas the differences fol- 
lowing the rest are relatively greater 
(all are significant at the one percent 
level of confidence as determined by 


the t-test of significance). The differ- 
ences in the right hand column of 
Table III for the post-rest trials are 
presented graphically in Fig. 1.‘ 
When each relearning trial was 
considered separately, significant 
amounts of reminiscence were ob- 
tained on all relearning trials under 
all conditions with the exception of the 


‘It will be noted in Fig. 1 that an experi- 
mental point (labeled ‘A’) is shown for two pre- 
rest trials. This point was obtained from a 
group of seven Ss who were run under the same 
general experimental conditions as the other Ss 
in Experiment I. However, these Ss were not 
randomly assigned over the conditions of this 
experiment, and hence are not included in the 
general treatment of results. 


first relearning trial under conditions 
3 and 4 and the fourth relearning trial 
under condition 4. 

Experiment II.—The mean cumula- 
tive scores for the experimental and 
control groups for the five trials pre- 
ceding and the five trials following the 
rest interval are given in Table IV. 
It will be noted that the differences 
presented in the extreme right hand 
column of Table IV (for the post-rest 
trials) may be considered as measures 
of amount of reminiscence. The differ- 
ences between the experimental and 
control groups are relatively small for 
the five trials preceding the introduc- 
tion of the rest interval (none of these 
differences approaches statistical sig- 
nificance), whereas the differences 
following the introduction of the rest 
interval are relatively greater. The 
differences in the right hand column 
of Table IV (for the post-rest trials) 
are presented graphically in Fig. 2. 
It may be seen that, for the lengths 
of rest used in this experiment, the 
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MEAN AMOUNT OF REMINISCENCE IN SECONDS 





+ m 





20 30 


TRIALS OF PRE-REST PRACTICE 


Fic. 1. 


amount of reminiscence is an increas- 
ing, negatively accelerated, function 
of the length of the rest interval. 

In Table V the differences between 
the experimental and control group 
means are given for each of the re- 
learning trials. These data differ 
from those in Table IV in that they 
deal only with the trials following the 
introduction of the rest period, and 


Reminiscence as a function of amount of pre-rest practice 


in that the results are broken down by 
trials. The statistical significance of 
the differences presented in Table V 
was calculated by means of a simple 
analysis of variance for each of the 
relearning trials considered separately. 
Significance well beyond the one 
percent level of confidence was ob- 
tained in every case, thus establishing 
the significant presence of reminis- 


TABLE IV 


A ComPaRISON oF EXPERIMENTAL AND Controt Group Scores BEeroreE AND 
FoLLowING THE INTRODUCTION oF ReEsT INTERVALS. 
(Mean Cumulative Score for the Five Relearning Trials) 








Five Trials Before Rest 





Experimental 


Condition Group Means 


Difference 
(In Original 
Learning) 


Contro} Group 
M 





3-94 
4.16 
4-79 
4-14 





—0.21 
+0.01 
+0.64 
—0.01 





Five Trials After Rest 





Experimental 
Group Means 


Difference 
(Amount of 


Control Group 
M , 
Reminiscence) 





6.13 
7-36 
10.29 
10.80 








+0.76 
+1.99 
+4.92 
+5.43 
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MEAN AMOUNT OF REMINISCENCE IN SECONDS 








LENGTH OF REST IN MINUTES 


Fic. 2. 


cence upon each of the relearning 
trials. 

Warming-up Effect—The warm- 
ing-up effect may be defined in terms 
of the relatively steeper slope of the 
relearning curve as compared with the 
slope of the original learning curve at 
the same level of initial performance. 


TABLE V 


DirFerences BETWEEN THE EXPERIMENTAL 
AND Controt Grour Means (AMOUNT oF 
REMINISCENCE) FoR Eacn RELEARNING 
TRIAL UNDER Eacu oF THE Con- 
‘pITIONS OF Experiment II 








Relearning Trials 
Condition 





Mean 


: a|a 5 





0.61 
2.00 
5.19 
5.62 


0.76 | 1.14 
2.42 | 1.62 
5-37 | 5-32 
5-53 | 5.98 


0.68 | 0.75 
1.26 | 1.99 
4-52 14.91 
5.98 | 5.43 














In the case of the experiments re- 
ported here, the acquisition curve was 
linear. Because of this fact, differ- 
ences in the slopes of the relearning 
curves, as between the conditions 


5 The line of best fit, as determined by the 
method of least squares, was given by: 


Score = 1.55 + 0.159 (No. Trials). 


Reminiscence as a function of length of rest 


within the two experiments, may be 
interpreted as differences in amount 
of warming-up effect. Table VI 
shows the amount of change between 
the first and second relearning trials 
for the conditions of both experi- 
ments. It will be seen that amount 
of warming-up effect is, in general, 
an increasing function both of amount 
of pre-rest practice and of length of 
the rest interval. 

Lindquist (8) has outlined a method 
for analyzing the significance of such 
slope differences as these. This 


TABLE VI 


Amount oF Cuance Between THE First 
AND Seconp RELEARNING TRIALS FOR 
THE ConpDITIONS OF EXPERIMENTS 
I anv Il 








Mean 
Score 
on Second 
Relearn- 
ing Trial 


Mean 
Score 
on First 
Relearn- 
ing Trial 


Condi- 
tion 





10 trials 
20 trials 
30 trials 
40 trials 


No Rest 
0.5 Min. 
1.0 Min. 
3.0 Min. 
5.0 Min. 


7:19 
9.10 
9-77 
9-42 


5.08 
5-65 
7-73 
9.23 
9.10 
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method tests the specific hypothesis 
that the differences in the two popu- 
lation means are the same (but not 
necessarily zero) for all values of the 
x variable. Taking the two extremes 
of the experimental variable in Ex- 
periment I (10 and 40 pre-rest trials) 
and considering all five of the re- 
learning trials under both of these 
conditions, the hypothesis that is 
being tested is that, for the two popu- 
lations involved, the slopes of the re- 
learning curves are the same. This 
hypothesis is tested by means of the 
F-ratio, the conditions by trials inter- 
action variance being used as the 
numerator and the combined subjects 
by trials interaction variance being 
used as the denominator. Should 
the hypothesis regarding the slopes 
of the relearning functions be true, 
this ratio should be distributed as F 
for the corresponding degrees of 


freedom, in this case, 4 and 112. 
Since computation of the ratio yields 


a value of 20.57, which is an ex- 
tremely unusual value of F, the hy- 
pothesis concerning the slopes of the 
relearning curves may be rejected at 
a very high level of confidence.® 
An analysis of the slopes of the re- 
learning curves for Experiment II 
involved the extreme experimental 
conditions A and E. The result of 
this analysis was an F-ratio of 27.67 
for 4 and 232 degrees of freedom, 
which indicates that the slope of the 
relearning curve, and hence, the 
amount of warming-up effect, is a 


*It may be wondered why this analysis was 
performed only on two of the four experimental 
conditions. Interpretatively, however, no more 
conclusions could be drawn from the four condi- 
tion analysis than from the two condition 
analysis. In either case, all that a significant 
value of F would demonstrate would be that 
the slope of the relearning curve is some function 
of the amount of pre-rest practice. It should be 
noted, however, that the selection of the two 
conditions for such an analysis must be made 
independently of the experimental results. 
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function of the length of the rest 
interval. 


CONCLUSIONS 


The results of Experiments I and II 
may be summarized under the fol- 
lowing headings: 

1. Significant amounts of reminis- 
cence occurred following a five-min. 
rest which was introduced after 10, 
20, 30, and 40 trials of practice on the 
Koerth pursuit-rotor under the condi- 
tions of Experiment I. 

2. In considering the cumulative 
mean of the five relearning trials for 
each of the conditions of Experiment 
I, it may be concluded that, as amount 
of pre-rest practice increases, amount 
of reminiscence at first increases and 
then decreases. 

3. Amount of warming-up effect 
increases as a function of the amount 
of pre-rest practice under the condi- 
tions of Experiment I. 

4. Reminiscence was found to be a 
function of the length of the rest 
interval, the effects of rest being still 
measurable after five relearning trials. 

5. Within the conditions of Experi- 
ment II, amount of reminiscence ap- 
pears to be a negatively accelerated, 
increasing function of the length of the 
rest period, when the cumulative 
mean of, the five relearning trials is 
used in’ the determination of the 
amount of reminiscence. 

6. Amount of warming-up effect 
increases as some function of the 
length of the rest interval. 


(Manuscript received September 2, 1948) 
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PERFORMANCE AND REMINISCENCE IN MOTOR 
LEARNING AS A FUNCTION OF THE DEGREE 
OF DISTRIBUTION OF PRACTICE 


BY GREGORY A. KIMBLE 


Brown University 


INTRODUCTION 


In a previous paper, the author (5) 
presented a two-component theory of 
inhibition designed to handle certain 
phenomena of motor learning. This 
theory may be regarded as an exten- 
sion of that suggested by Hull (3), 
since it makes use of the same major 
constructs, reactive inhibition (Jr) 
and conditioned inhibition (sJz). An 
outline of the theory which is sufficient 
for the derivation of certain experi- 
mental predictions follows. 

Reactive inhibition is regarded as a 
response-produced drive state for 
which the goal response is resting. 
It is a need to cease responding which 


results from or accompanies all be- 


havior whether reinforced or not. 
Since Jz is a response-produced drive, 
it is not surprising to find that the 
important variables determining its 
strength at any moment are closely 
related to the characteristics of the 
response in the organism’s immediate 
past. In general, we may say that the 
more effortful the behavior in which 
the organism has just been engaged, 
the greater the amount of J/g present, 
and consequently the greater the need 
to cease activity. This effortfulness 
of behavior in turn depends upon two 
independent variables, the physical 
energy required to perform the task at 
hand and the length of time the or- 
ganism has been forced to work with- 
out rest. The first of these independ- 
ent variables has received little ex- 
perimental attention. In the case of 
the second, however, Ammons (2) 


and Kimble (5) have presented find- 


ings that indicate that reactive inhibi- 
tion increases as a function of practice 
and that the course of the increase is 
negatively accelerated with an asymp- 
totic value of Jz being reached after 
seven or eight min. of continuous 
practice. 

Since Jz is a drive, it is postulated 
to have, in common with other drives, 
the following characteristics: 

1. It will be reducible by the ap- 
propriate goal response, resting; that 
is, it will dissipate or decay during 
periods of rest. The experiment of 
Kimble and Horenstein (8) may be 
cited as a confirming test of this hy- 
pothesis as well as of Hull’s suggestion 
that the course of this decay is ex- 
ponential. 

2. The decay of reactive inhibition 
is a reinforcement, since this decay is 
actually the reduction of a drive. 

3. The accumulation of a certain 
(critical, threshold) amount of J, will 
automatically produce resting. As 
with other drives, the development of 
a certain, critical drive strength will 
lead to the appropriate drive reducing 
behavior if the necessary goal object 
is available. In the case of reactive 
inhibition, the opportunity to rest is 
never absent from the work or learn- 
ing situation. All that is necessary 
to produce the resting response is for 
a sufficient amount of inhibition to 
accumulate. The amount of /» that 
is sufficient is postulated to depend 
upon the strength of other, opposing 
motives. In motor learning, the rest- 
ing response will occur when the 
amount of reactive inhibition becomes 
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relatively greater than the strength 
of the motives leading to the con- 
tinuation of practice. 

From this hypothetical interaction 
between reactive inhibition and other 
motives in the learning experiment, 
an important deduction is the follow- 
ing: after the early practice trials in 
the motor learning situation, the 
amount of Jz will tend to remain 
constant at some maximal level. 
The accumulation of Jpg above this 
level will be prevented by the oc- 
currence of the resting response which 
reduces reactive inhibition. On the 
other hand, when Jz drops below this 
level, practice will resume and Jp 
will begin to develop again. 

From the characteristics of Jp just 
proposed, the development of gslez 
can be derived. Conditioned inhibi- 
tion is postulated to be a habit. It is 
a resting habit which is acquired be- 
cause resting behavior is reinforced 
by the reduction of Jp. The situation 


seems most appropriately analyzed in 


conditioning terms. The drive, re- 
active inhibition either produces, is 
accompanied by or is identifiable with 
drive stimuli which are unconditioned 
stimuli. When these acquire a cer- 
tain strength, as a result of prolonged 
effortful behavior, an unconditioned 
resting response is elicited. This un- 
conditioned resting response in a sense 
provides its own reinforcement since 
the decay of reactive inhibition occurs 
as a result of it. From thesimplest 
principles of conditioning, it now fol- 
lows that stimuli surrounding the S 
will come to evoke the resting response 
independently. This conditioned 
resting tendency is conditioned in- 
hibition, slp. 

The identification of conditioned 
inhibition as a conditioned response 
means that, among others, it will 
have the following properties: 

1. As a conditioned response, it 
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will not be acquired in the absence of 
an unconditioned stimulus of suffi- 
cient strength to elicit the uncondi- 
tioned response. What this means 
for motor learning is that Jz will 
have to attain a minimal value great 
enought to force the resting response 
for slp to develop. In support of 
this conjecture, the author was able 
to show (5) that no slg developed 
during the first 150 sec. of continuous 
practice on the inverted alphabet 
task. 

2. Conditioned inhibition should 
increase as a negatively accelerated 
function of practice. The only evi- 
dence available on this point (5) con- 
firms this postulate. 

3. Conditioned inhibition should be 
relatively permanent; it should show 
little tendency to diminish with the 
mere passage of time. 

Both conditioned inhibition and re- 
active inhibition have the effect of 
decreasing the level of the perform- 
ance curve in learning. At this point 
it is probably worthwhile making ex- 
plicit the point that Jp has now been 
assigned two somewhat different func- 
tions. As we have already seen, it is 
regarded as a drive which produces 
resting. Now we are saying that Jp 
depresses. performance, by which we 
mean that it decreases work out-put, 
probably by interfering with efficient 
muscularcoordination. This dichoto- 
mizing of the function of Jz is nec- 
essary to handle a postulated instance 
(and experimental results to show that 
it exists) in which performance is de- 
creased by Jp alone without the de- 
velopment of s/r. Elaboration of 
this point is probably necessary. 
Suppose that we assume that the 
typical depression of the learning 
curve under conditions of massed 
practice occurs simply because the 
accumulation of reactive inhibition 
under these conditions produces rest- 
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ing frequently and these rests take 
time; that is, suppose we assume that 
performance is depressed only by the 
first of the functions which we have 
assigned Jp. Note that this formula- 
tion will handle the typical findings on 
studies of the distribution of practice. 
The greater the degree of massing of 
practice, the greater the amounts of 
reactive inhibition accumulated, the 
more time spent in resting behavior, 
and consequently the lower the level 
of performance. But this formulation 
also demands the development of 
conditioned inhibition during any 
practice series in which performance 
isless than optimal. Since /, will dis- 
sipate during the rests, resting be- 
havior is rewarded and conditioned 
inhibition will develop. Suppose now 
(to anticipate some of the results of 
the present experiment) that a long 
rest is introduced into one of these 
less than optimal learning situations 
and that, after the rest, performance 
equals that of a group practicing the 
same task under conditions of optimal 
distribution. Then we have evidence 
that, during the earlier practice, per- 
formance was inhibited by reactive 
inhibition alone and that no condi- 
tioned inhibition has developed. 
Theoretically, however, sJr should 
have developed. It is to avoid this 
contradiction that we have assigned 
one of our major constructs two differ 
ent functions. 

By contrast to our position that Jp 
needs two distinguishable properties, 
Hull (3) assigns it only the property 
of reducing the level of performance. 
Conditioned inhibition, he says de- 
velops when the stimuli present at 
the cessation of a response get condi- 
tioned to Jz. The main trouble with 
this postulate is that, within Hull’s 
system, it is responses that are sup- 
posed to get conditioned to stimuli, 
not intervening variables like Jz. A 


more immediate dificulty with this 
position is that it seems to demand 
that slr being to develop whenever 
cessation of activity and reactive in- 
hibition occur together. This con- 
tradicts the facts. Since Jz and slp 
depress performance curves, factors 
that minimize the effects of inhibition 
will facilitate performance. The most 
important of such factors is rest, 
during which reactive inhibition is 
known to dissipate. From the facili- 
tation of performance resulting from 
the decay of Jz with rest, two impor- 
tant classes of experimental phenom- 
ena are deduced. These are (1) the 
advantages of distributed over massed 
practice in learning and (2) the 


phenomenon of reminiscence. 


PuRPOSE OF THE EXPERIMENT 


The purpose of the experiment to be 
described in this paper was two-fold. 
First, it is considered as an empirical 
investigation concerned with the rela- 
tionship between certain aspects of per- 
formance and the degree of distribution 
of practice. Second, it was designed as 
a test of some of the implications of the 
theory just described, especially of the 
hypothesis that the development of s/r 
is contingent upon the prior development 
of a certain, threshold amount of Jp. 
Our main concern will be with three pre- 
dictions based on the theory outlined in 
the preceding paragraphs. All of these 
predictions are about the results of an 
experiment in which a number of groups 
of Ss practice a motor task under condi- 
tions involving trials of a constant 
length, but different degrees of distribu- 
tion of practice. After a specified num- 
ber of trials, each group is given a rest of 
several minutes and then a final practice 
trial. For this experiment, the theory 
permits the following deductions: 

1. Prior to the rest, at any specified 
stage in learning, the level of perform- 
ance will be a negatively accelerated 
function of the length of the time between 
trials. Since reactive inhibition dissi- 
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pates with rest, longer rest pauses which 
allow for greater decay of Jp will result 
in superior performance. At the same 
time, the curve which relates perform- 
ance to the degree of distribution will be 
negatively accelerated because the decay 
function of reactive inhibition is ex- 
ponential. 

2. After the rest, there will be an in- 
crease in performance (reminiscence), the 
amount of which will vary inversely 
with the length of the time between 
trials. The amount of Jp dissipated 
between trials is greater in the case of 
the groups allowed the longer rest 
pauses during the pre-rest learning trials. 
Therefore, at any specified stage of 
learning, for these groups, there, will be 
less Jp remaining to be dissipated and 
less reminiscence is possible. 

The two limiting cases to this predic- 
tion are at least as important as the pre- 
diction itself. First, if any of the experi- 
mental groups are allowed rest pauses 
long enough to permit the complete dis- 
sipation of reactive inhibition, they will 
show no reminiscence effect. During 
learning, the performance curve will not 
have been depressed by any decremental 
factors and, therefore, no improvement 
after recovery from such factors is to be 
expected. Second, our postulation of a 
critical, threshold amount of Jr which 
sets a limit to the degree of development 
of this variable leads to the prediction 
that groups learning under high degrees 
of massing may show large and identical 
amounts of reminiscence, if two different 
degrees of massing produce this limiting 
value of reactive inhibition. Such 
groups would, however, differ in the 
amount of condition inhibition acquired. 

3. After the rest, at least some of the 
groups will show a level of performance 
equal to that of the most highly spaced 
group. If it is necessary for Jp to reach 
some critical value for the development 
of slr to begin, and if the trials in the 
learning series in some conditions are 
separated by rests long enough to allow 
most of the reactive inhibition to dissi- 
pate, then it follows that no conditioned 
inhibition may ever develop, because the 
net amount of reactive inhibition will 
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remain below the level required for the 
development of sl/r to begin. In this 
case, during learning performance is 
depressed only by the amount of the 
temporary Jpg generated. Removal of 
this reactive inhibition by a rest means 
that all the decremental factors will have 
been dissipated. This in turn means 
that the post-rest performance of a 
group which has learned under conditions 
where Jp but no slr develops will be 
equal to that of a group learning under 
conditions where reactive inhibition it- 
self was kept at a minimum by optimal 
distribution of practice trials. 

One final question with which this 
paper is concerned cannot be put in the 
form of a specific prediction because the 
theory is not yet developed to the point 
where one can be made. This concerns 
the relationship between the rate of 
learning and the distribution of practice. 
So far as the author knows, there is in the 
literature only one serious attempt at 
the expression of this relationship. This 
attempt was made by Kientzle (4). 
She fitted equilateral hyperbolas to the 
performance data of her Ss and used a 
rate measure based on these functions as 
her index of the speed of learning. When 
this rate measure is plotted as a function 
of the degree of spacing of practice 
trials, it is found to increase, but in an 
irregular manner, with the length of 
time between trials, so that the relation- 
ship between degree of spacing and rate 
of learning is hard to specify more de- 
finitely. One of the variables helping to 
confuse the issue is, we suspect, to be 
found in the rather complex relationship 
between performance and distribution 
early in practice. Kimble and Bilodeau 
(7) have shown that, during the early 
learning trials, the degree of distribution 
is not an important variable in determin- 
ing performance scores on a rate of 
manipulation task. Kimble (6) sub- 
sequently showed that the same is true 
for the inverted alphabet. This means 
that, early in learning, rates of acquisi- 
tion for several conditions of distribution 
will be indistinguishable. This in turn 
probably depends upon a fact sometimes 
overlooked in studies of distribution; 
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namely, that extreme degrees of spacing 
may, during the early practice trials, be 
less beneficial than a more moderate 
degree of distribution. Motor learning 
seems to involve the ability to adopt a 
perceptual or motor ‘set’ which is de- 
veloped as a part of the acquisition of the 
motor skill. Until the skill of adopting 
this set rapidly is well learned, degrees of 
spacing greater than a few seconds are 
detrimental to performance because, dur- 
ing long rests, the motor set is lost and, 
when practice is resumed, time is re- 
quired to ‘warm up’ to the learning task. 
As learning progresses, however, the 
ability to warm up rapidly is probably 
acquired to approximately the same 
degree by all Ss regardless of the condi- 
tion of distribution under which they are 
learning. When this happens, perform- 
ance will depend more directly upon the 
spacing of practice since the effectiveness 
of this variable will be less obscured by 
the need to warm up. Because of these 
considerations, our analysis of the rate 
of learning will be one in which the 
early learning trials are excluded. 


EXPERIMENTAL PROCEDURE 


The learning task used in the experiment was 
the alphabet printing task previously used by 
Kientzle (4) and by Kimble (5), in which the S 
prints the alphabet upside down, beginning at 
the right side of the page and working to the left. 
The experimental materials were identical with 
those previously described (5). The procedure 
was as nearly like that previously described as 
possible. 

A total of five experimental groups were run. 
All were given 21 30-sec. trials under the follow- 
ing conditions: 
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1. The length of the rest pause between trials 
for the five groups was 0, 5, 10, 15, and 30 sec. 

2. All groups except the 30-sec. group were 
given a 10-min. rest between the 20th and 21st 
trials. The 30-sec. group, which was a control 
group, received the last trial 30 sec. after trial 
20. 

The number of Ss in each group is given in 
the last column of Table IT. 


RESULTS 
A. Learning 


The mean score for each group for 
each of the 20 learning trials is pre- 
sented in Table I. The data are pre- 
sented in this way rather than graph- 
ically because of the great amount of 
overlapping in the data for approxi- 
mately the first 10 trials. An exam- 
ination of the mean scores will show 
that only the o-sec. group differs from 
the others to any great extent during 
these trials. Part of the reason for 
the overlapping of the data will be 
apparent from an examination of 
Fig. 1. This figure was constructed 
to show the level of performance as a 
function of the degree of spacing of 
practice at four different stages in 
learning. Plotted in these four curves 
are the mean scores for each of the 
five groups on trials 5, 10, 15 and 20. 
Our immediate concern is with the 
lower curve plotted to show the per- 
formance of each group on trial 5 as 
a function of the duration of the 
inter-trial rest. Here we note that, 


TABLE I 


Mean Score on Eacu Triat ror Eacu Expertmentat Group 
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18.4] 14.3] 17.1] 17.5| 20.0) 19.5 
19.9] 20.3] 22.3] 23.2] 24.2) 24.9 
19.8) 20.5] 21.3] 22.8) 24.1) 25.2 
19.3] 20.8] 21.1] 22.7| 23.9) 24.9 
17.7| 19.3] 21.3) 23.2 22.8) 24.3 




















21.1} 22.0 
26.9| 26.6 
25.7| 26.2 
26.0) 27.2 
27.8) 28.6 28.7| 30.1 


22.1/ 23.0 
27.7| 28.0 
28.6) 28.7 
28.9) 30.0 
31.4) 31.2 


23.1] 23.9 
28.6) 29.6 
29.4] 30.3 
31.1] 31.3 
33-7) 34-0 


27-5 





* The decrease in performance occurring on trial 11 results from the fact that the experimental 
procedure required the turning of a page after trial ro. 
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15 30 
NO-OF SECONDS BETWEEN TRIALS 


Performance as a function of the number of sec. between trials on trials 5, 10, 15 and 20. 


Points plotted are mean scores of each group on the trial indicated on the individual curves. 


at this stage of practice, five sec. is 
the optimal inter-trial interval, and 
that either shorter or longer intervals 
produce inferior performance. One 
way in which this result can be inter- 
preted is on the assumption that a 
part of the skill involved in the al- 
phabet writing task is a perceptual- 
motor adjustment which is lost during 
the longer rest-pauses between trials. 
When this happens the advantages 
of spaced practice are obscured. One 
would expect this detrimental effect 
of spaced practice to occur early in 
learning before the habit of adopting 
the correct adjustment is well learned. 
From trial 10 on, the curves in Fig. 1 


are more nearly like what was pre- 
dicted. In general, they are nega- 
tively accelerated and seem to be 
approaching an asymptotic level at a 
point somewhat beyond 30 sec. on 
the abscissa. In other words, these 
curves show that performance is a 
negatively accelerated function of 
the degree of distribution of practice. 

Let us now turn to an analysis of 
the rate of learning, or of the speed 
with which the motor habit is ac- 
quired. An examination of Table I 
will serve to show that, for about the 
first 10 trials, the scores of the various 
groups are quite similar, and that, for 
these trials, the speed of learning 
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does not vary. As has been sug- 
gested, this fact is probably the result 
of two opposed processes attached to 
spaced practice early in learning. 
By trial 12, however, the five experi- 
mental groups have become fairly 
well separated. Data from this trial 
on to the end of the learning session 
are plotted in Fig. 2. The lines 
through the empirical points are best- 
fitting straight lines obtained by the 
method of averages. Although a 
straight line would not fit the data 
for the whole 20 trials, such a function 
does seem to describe the results for 
this segment of the trials quite ade- 
quately. One notable feature of these 


curves is the progressively steeper 
slope of the straight lines as a function 
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of the length of the inter-trial interval. 
This fact is presented more clearly in 
Fig. 3, where the slope constants of 
the curves in Fig. 2 are taken as in- 
dices of the speed of learning and 
plotted as a function of the duration 
of the inter-trial rest. The result is 
an increasing function which is well- 
fitted by another method of averages 
straight line. 

The rate of learning has now been 
shown to bear a complex relationship 
to the length of the inter-trial rest. 
Early in learning, the length of the 
rest pause does not affect the rate of 
learning in any consistent way, per- 
haps because lengthening the rest at 
this stage of practice has two opposed 
effects which tend to cancel one an- 


= ae ee oe 
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TRIAL 


Learning curves from trial 12 to the end of the learning session. 


The lines through 


the empirical points are best fitting straight lines obtained by the method of averages. 
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Fic. 3. Final rate of learning as a function of the degree of spacing of practice. The rate meas- 
ure plotted is the slope constant of the individual curves plotted in Fig. 2. The straight line is a 


line of best fit by the method of averages. 


other. Later on in learning, the speed 
of acquisition of the motor skill is an 
increasing linear function of the 
degree of distribution of practice. 


B. Reminiscence 


All of the important data of rem- 
iniscence are presented in Table II. 
In successive columns of this table, 
the data presented are: 


1. The absolute amount of increase 
after the 10-min. rest. 


TABLE II 


. A critical ratio, which tests the 


hypothesis that the population 
increase is zero. 


. The score for each group on trial 


21, after the 10-min. rest. 


. The amount by which this score 


falls below the trial 21 score for 
the 30-sec. group. 


. A critical ratio testing the hy- 


pothesis that this difference (col- 
umn 4) is zero. 


. The number of Ss in each group 


(N). 


Data on REMINISCENCE AND Post—Rest PERFORMANCE 








Diff. between Trial 
Score on 21 Score for 30-Sec. 


Trial 21 


Group and Every 
Other Group 





28.8 
33-4 
32.6 
32-7 
33-4 














4- 
oO. 
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It will be noted that the two groups 
with the shortest inter-trial rest 
pauses showed essentially the same 
amount of reminiscence, and that the 
groups with longer rests between trials 
showed progressively less gain, pre- 
sumably as a result of the longer 
interpolated rest. The amount of 
reminiscence shown by the 15-sec. 
group is not significantly different 
from zero. 

With respect to the comparison 
between the reminiscence point (score 
on trial 21) and the 30-sec. group’s 
performance on this trial, it is only 
in the case of the o-sec. group that 
this difference is significant. This 
leads us to the conclusion that no 
permanent decrement in performance 
results from the massing of learning 
trials unless this massing is complete. 


SuMMARY AND Discussion 


The results of the present experi- 
ment that seem important for a com- 
prehensive theory of motor learning 
are the following: 

1. No difference in the amount of 
temporary reactive inhibition as in- 
dicated by the amount of reminis- 
cence was obtained for the groups 
that learned under the two conditions 
with the greatest degrees of massing 
of practice, in spite of a great difference 
in the level of performance at the end 
of the learning session and prior to 
the rest. 

2. Except for the case noted above, 
the amount of reminiscence and, 
therefore, the amount of reactive in- 
hibition, decreases as the inter-trial 
interval increases. 

3. There is no permanent decre- 
ment in performance unless the inter- 
trial rest is reduced to zero or nearly 
that. 

4. Except in the case of the o-sec. 
group, the effects of differences in the 
length of the rest pause do not appear 
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early in learning, at least for this 
particular task. 

5. After the early trials, the level 
of performance is a negatively ac- 
celerated function of the length of 
the inter-trial rest pause. 

6. When differences in the rate of 
learning finally appear, they occur as 
an increasing linear function of the 
length of the inter-trial rest. 

In the main, these findings support 
the predictions made on the basis of 
our theory as it was outlined in the 
introduction to this paper. Among 
the more critical results is the fact 
that no difference in the amount of 
reminiscence was shown by the o-sec. 
and the §-sec. groups. Since the 
amount of reminiscence is thought to 
be correlated with the amount of re- 
active inhibition, this is considered 
as confirmation of the portion of the 
theory which maintains that there is 
a crictical amount of reactive inhibi- 
tion that an individual will tolerate. 
The fact that these groups showed the 
same amount of reminiscence would 
indicate that the same amount of Jp 
had accumulated in each case. Yet 
the 5-sec. group learned under condi- 
tions in which the dissipation of Jr 
between trials was possible. No such 
opportunity for the dissipation of in- 
hibition was afforded the o-sec. group. 
The fact that the same net amount of 
Ip seems to have developed under 
these two different conditions suggest 
that there is some limiting value of 
Ip beyond which this variable does 
not develop. In the case of the o-sec. 
group, it is evident that conditioned 
inhibition developed and was playing 
an important part in the depression 
of the performance curve during 
learning. Evidence for the presence 
of slp is to be found in the fact that, 
after the rest, the performance of this 
group is still considerably below that 
of the 30-sec. group. This permanent 
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decrement is considered as evidence 
for conditioned inhibition. 

Of particular importance seems to 
be the fact that as little as five sec. 
between trials prevents the develop- 
ment of slg. Our prediction had 
been merely that some of the groups 
would develop no conditioned inhibi- 
tion in spite of the fact that their per- 
formance was depressed by the ac- 
cumulation of reactive inhibition. 
From the experimental results it ap- 
pears that only the most highly massed 
practice conditions favor the develop- 
ment of slr. Since such practice 
conditions are not commonly en- 
countered in learning experiments or 
elsewhere, it would seem that condi- 
tioned inhibition plays a much less 
important part in behavior than had 
previously been thought. In this 
connection, a particularly important 
point arises when one considers the 
postulated role of conditioned inhibi- 
tion in the accomplishment of experi- 


mental extinction in the conditioning 


studies. The permanent aspects of 
experimental extinction, according to 
Hull, are assignable to the develop- 
ment of slr during the extinction 
series. Since conditioned inhibition 
is a habit, there will be no spontaneous 
recovery of an extinguished condi- 
tioned response to the extent that the 
response has been inhibited by s/z. 
However, the degrees of distribution 
of practice used in the extinction of 
conditioned reflexes are such that 
probably no slp could be developed 
if the requirements for the develop- 
ment of conditioned inhibition are the 
same in the conditioning situation as 
they are in motor learning. This 
means either (1) that the conditioned 
inhibition postulated by Hull to de- 
velop during the extinction of condi- 
tioned responses is fundamentally 
different from that developed in motor 
learning, or (2) that the concept of 
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experimental extinction as depending 
entirely upon inhibitory factors is 
wrong and that the habit itself is 
being diminished during extinction. 

The finding that the amount of rem- 
iniscence generally decreases as a 
function of increases in the length of 
the inter-trial rest was predicted on the 
basis of the assumption that during 
practice greater amounts of Jp will 
be dissipated during the long rest 
pauses, with the result that perform- 
ance will be less affected and that there 
will be less reminiscence possible. 
Somewhat surprising, however, is the 
finding that, with as little as 15 sec. 
between trials, the amount of reminis- 
cence is reduced nearly to zero. This 
means that, with practice trials 30 
sec. long, 15 sec. between trials is 
near the upper limit of favorable 
degrees of distribution. A number of 
important questions for the under- 
standing of cyclical motor learning 
require a comparison of these results 
with those obtained when the practice 
trial is longer. 

Closely related to the decrease in 
the amount of reminiscence with 
greater degrees of spacing is the nega- 
tively accelerated, increasing form of 
the functions relating the level of per- 
formance to the length of the rest- 
pause which were presented in Fig. 1. 
These curves were about as they had 
been expected to be on the basis of 
theoretical considerations, except in 
the case of the one constructed for the 
five experimental groups on the fifth 
trial. Here the descending level of 
performance beyond the point plotted 
for the §-sec. group is contrary to the 
prediction made on the basis of the 
characteristics of the inhibitory proc- 
ess alone. What seems to be nec- 
cessary in order to understand this 
phenomenon is the concept of some 
adjustive habit which S learns to make 
more and more rapidly as learning 
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progresses. Some postural or per- 
ceptual adjustment is perhaps in- 
volved. The importance of some 
such factor as this is, of course, al- 
ready recognized by investigators in 
the field of motor learning. Ammons 
(1) makes room for such events in his 
theory of motor learning, and has done 
the best job to date of relating the 
warm-up phenomenon to the inde- 
pendent variables in motor learning 
(2). 

Our findings on the rate of learning 
as a function of the degree of spacing 
represent only a first approximation. 
What we have done is merely to con- 
sider the rate of learning as a function 
of the degree of spacing in the portion 
of the acquisition curve where the 
function seems to be least complicated. 
It seems proper to exclude the early 
trials in such an analysis because of 
the complications introduced into the 
problem by the initially detrimental 
effects of the wider degrees of dis- 
tribution. When this was done, the 
relationship between degree of spac- 
ing and rate of learning seemed to be 
well described by a straight line. 
Whether or not the same relationship 
would be found had more learning 
trials been available on which to 
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estimate the rate of learning or had 
wider degrees of distribution been 
used is an empirical question that 
can be answered only on the basis of 
a more extensive experiment. 


(Manuscript received May 24, 1948) 
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EXTINCTION AS A FUNCTION OF PARTIAL 
REINFORCEMENT AND DISTRIBUTION 
OF PRACTICE! 

BY VIRGINIA F. SHEFFIELD 
Yale University 


PuRPOSE 


The purpose of this study was to 
determine whether distribution of 
practice influences the effect of partial 
reinforcement on resistance to ex- 
tinction. The problem has theoreti- 


cal significance because of its bearing 
on a general hypothesis concerning 
extinction which may explain the 
finding that partial reinforcement re- 
sults in greater resistance to extinc- 
reinforcement on every 


tion than 


trial. 


For some time it has been recognized 
that reinforcement on every trial is not 
essential either for the establishment or 
for the maintenance of a conditioned 
response. Pavlov (18) describes an ex- 
periment performed in his laboratory in 
which conditioned salivation in a dog was 
established with food reinforcement on 
every other trial and on every third trial. 
Others (2, 3), while not specifically study- 
ing partial reinforcement, have also 
obtained successful acquisition using 
partial reinforcement instead of rein- 
forcement on every trial. Also it has 
been shown (1) that a conditioned re- 
sponse, established with reinforcement 
on every trial, may be maintained at 
almost its original level with relatively 
infrequent reinforcement. 

The most striking finding with partial 
reinforcement, however, is that not only 
are conditioned responses readily ac- 


1 This article reports part of a dissertation 
submitted to the faculty of the Department of 
Psychology of Yale University in partial ful- 
fillment of the requirements for the Ph.D. 
degree. The writer is indebted to Dr. Neal E. 
Miller, under whose direction the research was 
conducted, and to Dr. Clark L. Hull and Dr. 
Carl I. Hovland, who served on the advisory 
committee. 


quired with partial reinforcement, but 
also they are considerably more resistant 
to extinction than when reinforcement 
is given on every trial. For example, 
Skinner (20), using bar pressing with 
rats, interspersed reinforcements at regu- 
lar time intervals (‘periodic recondition- 
ing’) or after given numbers of responses 
(‘reinforcement at a fixed ratio’). He 
found that many more responses were 
required to produce extinction than when 
reinforcement had been given for each 
response. 

Attention was particularly focused on 
the phenomenon of increased resistance 
to extinction following partial reinforce- 
ment in an experiment by Humphreys 
(11) using the conditioned eyelid re- 
sponse in human subjects. Of two 
groups of subjects, one trained with rein- 
forcement on every trial and one trained 
with reinforcement ‘randomly’ on only 
half the trials, the latter group responded 
at a significantly higher level throughout 
extinction. Humphreys (13) later ob- 
tained the same result using the condi- 
tioned galvanic response in humans. 

It has been claimed (8,11) that the 
increased resistance to extinction with 
partial reinforcement challenges the ade- 
quacy of stimulus-response learning the- 
ory. Humphreys (11) proposed the 
principle of expectancy as an alternative 
theory. This ‘principle’ is not rigorously 
stated and depends on commonsense 
concepts in its explanation of the results. 
The ‘expectancy’ explanation may be 
paraphrased as follows. Conditioned 
responses are the consequence of the sub- 
ject’s expectation that reinforcement 
will appear. In extinction after rein- 
forcement on every trial, the response 
rapidly disappears because the sudden 
shift from uniform reinforcement to uni- 
form nonreinforcement makes it easy to 
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change to an expectation of uniform non- 
reinforcement. But in extinction after 
partial reinforcement, the subject con- 
tinues to expect that reinforcement will 
be periodic as it was during training— 
extinction is prolonged by his expectation 
that reinforcement will be reintroduced. 
This interpretation is contrasted with 
stimulus-response learning theories, 
which usually assume, in one form or 
another, that reinforcement strengthens 
a conditioned response and nonreinforce- 
ment extinguishes it. This suggests that 
the infrequent reinforcements and the 
interspersed nonreinforcements which 
characterize partial reinforcement would 
produce a weaker response, which would 
extinguish more rapidly than would be 
the case with uniform reinforcement. 

However, it is believed that ordinary 
stimulus-response learning concepts, 
such as those used by Guthrie (7) and 
Hull (10), can explain the increased 
resistance to extinction. The present 
study was designed to test a theoretical 
interpretation which utilizes only stimu- 
lus-response concepts. The interpreta- 
tion hinges on a hypothesis about a gen- 
eral factor in extinction which is particu- 
larly applicable in the case of partial 
reinforcement. 


THEORY 


The basic hypothesis is that extinc- 
tion necessarily involves different cues 


from those used during training. 
Omission of reinforcement alters the 
context and makes extinction a case 
of ‘transfer of training’ in which a 
certain amount of generalization de- 
crement is expected because of the 
change in cues. This hypothesis 
would be applied in explaining the 
effect of partial reinforcement on 
extinction as follows. Occurrence of 
reinforcement on a given trial pro- 
duces effects which, in varying de- 
gree, provide characteristic stimuli 
at the start of the following trial, 
these stimuli becoming part of the 
total stimulus pattern acting at the 
start of the next trial. When rein- 
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forcement is given on every trial, the 
after-effects of the reinforcement will 
be part of the conditioned stimulus 
pattern on every trial after the first. 
In the present experiment, where rats 
were trained to run in an alley to food, 
the after-effects of reinforcement 
would perhaps include continued food 
taste and even particles of food in the 
mouth, temporary relaxation, etc. 
When extinction is begun, the stimu- 
lus pattern is changed not only by 
the absence of the after-effects of rein- 
forcement, but also by the presence 
of whatever new stimulation results 
from the absence of reinforcement, 
particularly from the subject’s re- 
action to that absence. In the pres- 
ent experiment, the after-effects of 
nonreinforcement would include such 
new reactions as searching, conflict, 
frustration, slowing up, etc. This 
change in the conditioned stimulus 
pattern should result in a weakening 
of the conditioned response, because 
the cues present during extinction 
are at a point on the generalization 
gradient at which responding is ex- 
pected to be weaker than to the cues 
present during training. 

However, when training with par- 
tial reinforcement is given, the subject 
is exposed, on reinforced training 
trials that follow nonreinforced trials, 
to cues which are normally present 
only during extinction. Examples 
of such cues for animals reinforced 
with food would be lack of food par- 
ticles in the mouth, a state of frustra- 
tion, etc. In other situations, ex- 
amples would be the absence of 
irritation from recent air puff to the 
eye or shock to the wrist, cues from 
any relaxation resulting from freedom 
from the air puff or shock, implicit 
verbalizations relating to nonrein- 
forcement, etc. With these nonrein- 
forcement cues as part of the current 
stimulus pattern, reinforcement is 
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reintroduced, and the subject there- 
fore learns to perform the response in 
the presence of such nonreinforcement 
cues. Since the response has become 
conditioned during training to the 
cues characteristic of extinction, there 
is less loss through a change in the 
conditioned stimulus pattern when 
reinforcement is withdrawn com- 
pletely than is found after training 
by reinforcement on every trial. 
Thus, the initiation of extinction 
trials produces a relatively large 
change in the conditioned stimulus 
pattern when it follows training with 
reinforcement on every trial, but 
much less change when it follows 
training with partial reinforcement. 
Because the response evoked by a 
generalized stimulus is weaker than 
that evoked by the reinforced stimul- 
us, the conditioned response during 
extinction will be weaker in the 
former case than in the latter. The 
possibility of the operation of this 


mechanism has been recognized by 
other authors (4, 9, 16, 17). 


MeETHOD 


The proposed test of this interpretation con- 
sisted of controlling some of the after-effects of 
reinforcement and nonreinforcement by spacing 
of trials. The assumption was that if animal 
subjects were used with trials widely spaced, 
most of the after-effects of reinforcement or non- 
reinforcement would have dissipated by the 
start of the next trial, making the conditioned 
stimulus pattern much the same whether rein- 
forcement had or had not been received on the 
preceding trial. The group receiving reinforce- 
ment on every trial and the group receiving 
partial reinforcement would thus be trained with 
more similar conditioned stimulus patterns than 
when trials were massed. Similarly the change 
in conditions when extinction was started would 
be more nearly the same for the two groups; as a 
result, the difference in resistance to extinction 
should be reduced. 

Specifically, rats were trained to go down an 
alley with food at the end of the alley as rein- 
forcement. Such after-effects of reinforcement 
as food taste and such after-effects of nonrein- 
forcement as frustration may reasonably be 


assumed to dissipate with the passage of time 
and the performance of other behavior. There- 
fore, it follows that the extent to which differ- 
entiable reinforcement and nonreinforcement 
cues enter into the total stimulus pattern on a 
given trial will be maximized if trials are spaced 
close together and will be minimized if trials are 
spaced far apart. Massing of training trials, 
then, should give the maximum advantage to 
partial reinforcement in preventing extinction as 
compared with reinforcement on every trial, 
whereas relative spacing of trials should dimin- 
ish or destroy this advantage. It is this de- 
duction which the present experiment was de- 
signed to test. 

Seventy-two rats were used in the experiment. 
Half the animals were trained with 100 percent 
reinforcement for 30 trials, half with reinforce- 
ment randomly on 50 percent of the 30 training 
trials. Of each group, half were trained with 
the trials massed (15-sec. interval), half with the 
trials spaced (15-min. interval). The question 
to be answered was: would partial reinforcement 
have less advantage in resistance to extinction 
in the latter group? 

It seemed probable that the spacing of trials, 
both during training and during extinction, 
would have the direct effect of increasing resist- 
ance to extinction as well as its indirect effects 
through interaction with partial reinforcement. 
At the same time, it seemed probable that a 
change from massed to spaced or from spaced to 
massed when extinction begins would have the 
effect of hastening extinction. In order to 
balance completely for these factors, each of the 
four training groups was divided for extinction, 
half receiving massed extinction trials and half 
spaced extinction trials. This procedure not 
only served as a balancing procedure in the main 
problem to be investigated, but also had intrinsic 
value in supplying data on the problem of the 
relative resistance to extinction when extinction 
trials are massed compared with when they are 
spaced. The results of this aspect of the experi- 
ment will be presented in a separate article (19). 
Table I shows the design in schematic form; 
each cell of the table represents a separate 
subgroup of the experiment. 


DeTAILs oF APPARATUS 
AND PROCEDURE 


The apparatus, shown in Fig. 1, consisted of 
a four-foot alley connecting a starting box and a 
goal box. Walls throughout were nine inches 
high. The interior of the starting box was 
painted white, and the interiors of the alley and 
goal box were painted black. The light in the 
room was from a ceiling fixture directly over the 
center of the apparatus. The two doors were 
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TABLE I 


DESIGN OF THE EXPERIMENT 








Massed Training 


Spaced Training 





Massed Ext. 


Spaced Ext. 


Massed Ext. Spaced Ext. 





100% MM 
100% Reinf. 


100% MS 


oo% SM 100% SS 


9 9 9 





‘ 50% MM 
50% Reinf. 
9 








50% MS 


50% SM 50% SS 


9 9 








9 





operated vertically by strings and pulleys. 
Small pellets of wet mash, made from powdered 
Purina dog chow, flour, and water, were pre- 
sented in a white food cup in one corner of the 
goal box. On all nonreinforced trials, both 
during partial reinforcement and during extinc- 
tion, the white food cup was removed from the 
goal box. A black curtain placed diagonally at 
the entrance to the goal box cut off sight of the 
food cup from the alley, so that an animal could 
not tell whether the cup was present or absent 
until he was actually inside the goal box. 

The rats were always placed in the starting 
box facing the closed door. After approxi- 
mately, two sec. the door of the starting box was 
raised. When the rat left the starting box, the 
door was lowered; when he stepped onto the 
floor of the goal box, the door near the goal box 
was lowered to prevent retracing. Micro- 
switches mechanically operated by the animal’s 
weight on hinged floor sections in the two end 
boxes activated Springfield timers which re- 
corded starting time (time from opportunity to 
respond until departure from the starting box) 
and running time (time from leaving the starting 
box to entering the goal box). The starting box 
was covered with a glass lid to prevent animals 
from prematurely operating the timer switches 
by jumping into the air before they actually left 


STARTING 
BOX 





the box. The alley and goal box had no cover- 
ing. A holding relay prevented re-operation of 
the switches by retracing. The goal box door 
was set back a short distance in the alley so that 
once the animal’s forepaws were inside the goal 
box and the second timer had stopped, the door 
could be closed even if the animal did not im- 
mediately enter the box completely. 

Seventy-two male albino rats from the albino 
farms at Redbank, N. J. were used, their ages 
ranging from 83 to 107 days (average 93 days) 
at the time they were started in the experiment. 
They had never been used in any previous ex- 
perimentation. 

Before and during the experiment the animals 
lived in the experimental room. During the 
two weeks prior to training, the animals were 
given daily taming sessions, consisting of han- 
dling during feeding periods until all would eat 
pellets of food from the experimenter’s hand. 
They were also given practice at eating in un- 
familiar surroundings—cages unlike their living 
cage, a table top, and a large cardboard carton. 
During these two weeks, they were fed a re- 
stricted diet of wet mash given about noon. 
Two days prior to the start of the experiment, 
the feeding time was shifted to the time at which 
their training would be started, a shift ranging 
from zero to four hours. 
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On the first day of the experiment proper, all 
animals were given 10 pre-training trials in the 
apparatus under constant conditions of massed 
trials and 100 percent reinforcement. This pre- 
training provided a criterion for eliminating, in 
advance of the application of the experimental 
variables, those rats too timid to explore the 
alley (and probably also helped insure that the 
rats scheduled to receive partial reinforcement 
would not give up on the first few training 
trials). If during the course of the 10 pre- 
training trials an animal took more than five 
min. to find the food or to eat it, he was dis- 
carded. On this basis, 14 rats were eliminated. 
Two rats were discarded after pre-training de- 
spite acceptable performance in the alley, one 
because he violently resisted being picked up and 
because he consistently bit the experimenter, the 
other because the apparatus broke down during 
experimental training. All discards were re- 
placed to make the final group of 72 experi- 
mental animals. 

The to pre-training trials were given on the 
first day; 30 training trials were given on the 
second day; and 30 extinction trials were given 
on the third day. The trials were started at 
the same time on each of the three successive 
days. The 50-percent reinforcement groups, 
having the same number of training trials as the 
100-percent reinforcement groups, received only 
half as many reinforcements during training. 
At the end of their training trials, when the 
animals were given the balance of their ration 
for the day, this difference in amount eaten be- 
tween 50-percent and 100-percent reinforcement 
animals was made up. 

At the end of a run, animals were left in the 
goal box for 10 sec., or until they found and ate 
the food, longer times being necessary on early 
training trials. Ten sec. was an adequate time 
to eat the pellet of wet mash once the animal 
had learned, and this time was used whether 
food was present or not, during pre-training, 
training, and extinction. The animals were 
then removed to their individual living cages 
to await the next trial. Animals receiving 
massed trials were left in their living cages for 
15 sec. between trials. This amount of time 
was required to record the time measures and 
reset the apparatus for the next trial. Due to 
variable running time, the time from the start 
of one trial to the start of the next was thus 
variable, but it very rarely ran over two min. 
and was usually close to 4 min. except on the 
first few training trials and during extinction. 
For spaced trials, the time from the start of one 
trial to the start of the next was 15 min. During 
extinction the animals were removed from the 
apparatus if ejther the starting time or the run- 


ning time ran to two min., but all animals were 
given the full 30 extinction trials. 

Since the training session extended over a 
much longer time for spaced groups than for 
massed groups, it was not possible, with the 
experimental setup used, to obtain strictly 
comparable hunger drive from group to group. 
However, the hunger drive was kept at a high 
enough level for all rats that it was felt that any 
variability in absolute level would be unimpor- 
tant. In any case, whatever drive difference 
may have been present between certain of the 
groups did not enter into the basic comparisons 
of 50 percent and 100 percent reinforcement, for 
which drive was constant in groups compared. 
A restricted diet of seven gm. (dry weight) of 
the dog chow and flour mash was used before 
and during the experiment. Thirty pellets, the 
most any rat received during training, weighed 
about 24 gm. (dry weight), which was only one- 
third of the restricted diet and an even smaller 
fraction of what any rat would eat if allowed 
an unlimited supply of food. Rats given massed 
training trials had a 23-hour hunger drive at the 
start of extinction. Spaced training was spread 
through a period of about 7} hours, at the end of 
which time the animals were given the balance 
of their food for that. day. Extinction for 
space-trained animals was started 24 hours after 
the start of training, i.e., 164 hours after feeding. 
In an attempt to make the hunger drive of 
space-trained animals more comparable at the 
start of extinction with that of mass-trained 
animals, a total food ration of only six gm. was 
given at the end of training instead of the usual 
seven gm. 

In preparing the orders of reinforced and 
nonreinforced trials for presenting 15 rewards 
distributed over 30 training trials, certain re- 
strictions were used. These restrictions were 
selected to produce orders which contained 
single nonreinforced trials, and successions of 
two in a row, three in a row, and four in a row, 
which closely approximated, within each series 
of 30 trials, the distribution expected by chance 
in an infinite series. In other words, chance 
frequencies were stratified within orders. 
Nine orders were prepared, each order being 
used once in each subgroup. In each of the 
orders prepared: 

1. Four successive nonreinforcements and 
three successive nonreinforcements each ap- 
peared once. 

2. Three successive reinforcements appeared 
twice. 

3. Two successive reinforcements and two 
successive nonreinforcements each appeared 
twice. 

4. Isolated single reinforcements appeared 





ee SAI SOT SOFT) 


MITT AALES 


a 








516 VIRGINIA F. 


five times, and isolated single nonreinforcements 
appeared four times. 

In order to prevent partial-reinforcement 
animals from refusing to run in the early part 
of training and in order to end their training 
with the response at high strength, the following 
additional restrictions were used: 

5. The first training trial was always re- 
warded. 

6. The set of four successive nonreinforce- 
ments never appeared in the first half of training. 

7. The last training trial was always an 
isolated single reinforcement. 

Within these restrictions the distributions 
used were prepared from Tippett’s (21) random 
numbers. The nine orders used were assigned 
randomly to the nine animals in each subgroup. 


STATISTICAL ANALYSIS 


The statistical analysis of the results treated 
the data as nine replications of the experiment, 
with eight degrees of freedom for each compari- 
son made. This treatment was partly dictated 
by a balancing procedure used in assigning rats 
to the eight conditions. 

The rats used were obtained in three different 
shipments, each shipment upon arrival being 
broken down into sets of eight cage-mates. 
Differences in ease of taming were apparent 
between the shipments and between the sets of 
eight cage-mates within each shipment (perhaps 
due to the more docile being removed from the 
shipping crate first). These differences were 
balanced out by dividing the rats from each 
shipment equally among the eight experimental 
conditions and by assigning one each of the eight 
rats in a cage to the eight experimental condi- 
tions. The assignment of the eight rats to the 
eight experimental groups was-done randomly, 
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using Tippett’s tables of random sampling 
numbers (21). 

As a result of this balancing procedure, the 
eight rats within a replication were more homo- 
geneous than the rats within a given experi- 
mental group. The greater precision in the 
experiment obtained by this procedure was 
taken into account in the statistical analysis by 
basing comparisons on the eight degrees of 
freedom provided by the nine replications. 
Thus in testing for the significances of the mean 
differences between two major groups, the 
appropriate difference was found among rats 
within each replication, and the mean difference 
was tested from the distribution of nine differ- 
ences so obtained. This procedure removed 
from the estimated variance of mean differences 
any correlation due to balancing of cage differ- 
ences. 


RESULTS 


Although two time measures were 
recorded—starting time and running 
time—comparison of the learning and 
extinction curves for the eight experi- 
mental groups revealed that the pat- 
tern of results was the same for the 
two measures. Therefore, the two 
measures were added together to 
make a single measure of ‘response 
time’ in order to increase the stability 
of the measurements and simplify 
the statistical analysis. 


Acquisition 


In Fig. 2 are shown learning curves 
for the four training groups. The 
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Extinction curves for 100-percent and s0-percent reinforcement groups after massed 


training and after spaced training, showing percentage of responses in sets of five trials which were 


at or below 16.3 sec. (the overall median response time). 


the values for the last five training trials. 


massed and spaced extinction groups 
have been combined for each training 
condition, since up to the end of 
training there was no difference in 
their treatment. The measure used 
is median response time, which was 
obtained for each trial and averaged 
for groups of five trials. Medians 
were used as more representative of 
the data because means would be 
unduly affected by occasional trials 
on which an animal had an unusually 
long response time. Pre-training and 
training are both shown. 

Tests of the differences in the level 
of performance reached on the last 
half of the training trials show that 
there were no significant differences 
among the four groups. Groups re- 
ceiving 100 percent reinforcement 
were very slightly superior to those 
receiving 50 percent reinforcement, 
but the probability that a difference 
this large and in this direction could 
arise by chance is .20 for massed 
training, .12 for spaced training, and 


The reference points at the beginning are 


.15 overall.2 Groups receiving spaced 
training were very slightly superior 
to those receiving massed training, 
but the probabilities are .13 for 100 
percent reinforcement, .28 for 50 
percent reinforcement, and .15 overall. 


Extinction 


Fig. 3 shows extinction curves for 
the 100-percent and 50-percent rein- 


forcement groups that were mass 
trained compared with the 100-percent 
and 50-percent reinforcement groups 
that were space trained (massed and 
spaced extinction being combined for 
each training group). Median re- 
sponse time could not be used in 


? The measure used in computing significances 
of differences was the time, for each animal, on 
his median trial out of the last 15 trials. The 
measure used in the curves was the time, for 
each trial, of the median animal (groups of five 
trials being averaged). ‘This difference between 
the methods of obtaining the two measures 
probably accounts for the fact that the slight 
superiority of 100 percent reinforcement during 
massed training indicated by the significance 
test is not apparent in the curves. 
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plotting extinction data since on some 
trials more than half the animals 
were removed from the apparatus 
because of exceeding the two-minute 
time limit, making the median indeter- 
minate. Median response time over 
an individual animal’s trials also 
could not be used as a measure of 
individual animals’ performance in 
the analysis of extinction data be- 
cause some animals exceeded the time 
limit on more than half of their ex- 
tinction trials. A frequency measure 
was indicated, and that chosen was 
the number (or percentage) of trials 
with response times at or below the 
combined median response time for 
whatever groups were being com- 
pared. The median was chosen as 
the cut-off point partly because of its 
arbitrary nature and partly because 
it places the mean of the scores close 
to the middle of the range, which 
should give maximum sensitivity in 
comparing groups and at the same 
time avoid skewed distributions. The 
median time for all 72 animals on all 
30 extinction trials was 16.3 sec., and 
it is the mean frequency of responses 
at or below this value for each set of 
five trials that is plotted in Fig. 3. 
The first point on the curves is the 
corresponding percentage value for 
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the last five training trials, which is 
shown as a reference point. 

Extinction after massed training.— 
As can be seen in Fig. 3, the results 
after massed training confirm the 
findings of previous investigators that 
training with 50 percent reinforce- 
ment results in greater resistance to 
extinction than training with 100 
percent reinforcement. The results 
of a significance test are shown in 
Table II. All groups reached ap- 
proximately the same level of per- 
formance at the end of training, and 
performance was also similar on the 
early extinction trials, but the two 
groups diverged after the first ten 
extinction trials. The significance 
test was made separately for all ex- 
tinction trials and for the last half of 
the trials. The means in Table II 
for all 30 trials used the median of 
14.2 sec., obtained for the 30 extinc- 
tion trials of the 50-percent and the 
100-percent mass-trained groups com- 
bined, as the cut-off point in getting 
each animal’s score. The means for 
the last 15 trials used the median of 
these 15 trials, 24.4 sec., as the cut- 
off point. It should be pointed out 
that with the scoring procedure used, 
the potential range of scores is the 
same as the number of trials involved, 


TABLE II 


Mean NumBer oF Responses MEETING CRITERION * 
Durine Extinction Arter Massep TRaINnInG 











Mean Score 





50% Reinf. |100% Reinf. 


°M diff. 





All 30 ext. trials 
(Md. = 14.2 sec.) 

Last 15 ext. trials 
(Md. = 24.4 sec.) 


17.1 
9.0 





13.0 2.2 


6.0 4.2 




















* I.e., mean number of responses at or below median response time for the particular groups and 
number of trials being considered. 


** For one tail of distribution. 
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TABLE III 


Mean NumsBer or Responses MEetinc CRITERION * 
Durinc Extinction Arter Spacep TRAINING 





Mean Score 





50% Reinf. |100% 


Reinf. 





All 30 ext. trials 
(Md. = 19.1 sec.) 

Last 15 ext. trials 
(Md. = 27.0 sec.) 





0.3 





0.7 
| | 














* ].c., mean number of responses at or below median response time for the particular groups and 


number of trials being considered. 
** For both tails of distribution. 


so the means shown for all extinction 
trials and for the last half of the trials 
cannot be directly compared. 

Table II shows that animals trained 
with partial reinforcement made a 
significantly larger number of re- 
sponses during extinction which were 
below the median response time than 
did animals trained with 100 percent 
reinforcement, their superiority being 
more marked during the latter half 
of extinction than over all extinction 
trials. 

Extinction after spaced training.— 
When training trials were spaced 15 
min. apart, greater resistance to 
extinction following 50 percent rein- 
forcement as compared with 100 per- 
cent reinforcement was absent. This 
result can be seen in Fig. 3. A sig- 
nificance test is shown in Table III. 
As in Table II, results are shown for 
all extinction trials and for the last 
half of the extinction trials. The 
scores on which Table III is based 
used the medians of the 50-percent 
and 100-percent space-trained groups 
combined for the relevant number of 
trials. The theory says nothing about 
the direction of this difference; as 
trials are more and more widely 
spaced, the difference should become 
smaller and smaller, but at what inter- 
val it would become zero and whether 


it would become negative are ques- 
tions that would have to be answered 
empirically. For this reason, the 
P’s shown are for a difference this 
large in either direction. 

Table III shows that with training 
trials spaced, animals trained with 
partial reinforcement did not differ 
significantly during extinction from 
animals trained with 100 percent rein- 
forcement. The slight difference ob- 
tained was in the reverse direction 
from that obtained with massed 
training, 100 percent reinforcement 
being superior. 

Effect of distribution of practice on 
extinction.—The results confirm the 
expectation from the stimulus-re- 
sponse analysis of partial reinforce- 
ment that the difference in resistance 
to extinction between groups trained 
with 100 percent reinforcement and 
groups trained with S50 percent rein- 
forcement would be greater if the 
training trials were massed than if 
they were spaced. Tables II and III 
show that with massed training partial 
reinforcement significantly retarded 
extinction, whereas with spaced train- 
ing it did not. They do not show, 
however, whether this obtained diff€r- 
ence in the effect of partial reinforce- 
ment was significant. A significance 
test on this point is shown in Table 
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IV. Here the overall median response 
time of 16.3 sec. for all groups com- 
bined was used to obtain the scores 
over the 30 trials, and the median 
performance of 25.3 sec. for all 
groups combined on the last 15 trials 
was used in obtaining scores for this 
portion of extinction. The /-test is 
based on the distribution of the 
second-order differences indicated in 
the table, over the nine replications 
of the experiment. 

Table IV shows that the difference 
in resistance to extinction between 
100 percent and partial reinforcement 
is significantly greater with massed 
training than with spaced training. 
Results in the same direction were 
obtained when the analysis shown in 
Table IV was performed separately 
for those groups whose extinction 
trials were massed and for those 
groups whose extinction trials were 
spaced, but the differences were not 
nearly as reliable as in the overall 
analysis. For massed extinction ana- 
lyzed separately, the probabilities 
were .07 for all extinction trials and 
.12 for the last half of the extinction 
trials that the difference obtained 
would arise by chance. For spaced 
extinction the corresponding prob- 
abilities were .20 and .11. 
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Discussion 


As stated in greater detail in the 
introduction, the present experiment 
was based on a hypothesis which 
provides a stimulus-response explana- 
tion for the greater resistance to 
extinction that has been found after 
training with partial reinforcement 
as compared with 100 percent rein- 
forcement. According to this ex- 
planation, the partial reinforcement 
technique has the effect of condition- 
ing the response to cues normally 
present only during extinction. After 
one or more nonreinforced trials, the 
conditioned stimulus pattern at the 
start of a reinforced trial includes 
after-effects of the preceding nonrein- 
forced trials, which make it much like 
a trial during extinction. When per- 
formance of the response in the pres- 
ence of these nonreinforcement or 
extinction cues is now reinforced in 
the trial being considered, the partial 
reinforcement group learns to give the 
response to cues for extinction. 
When the actual extinction trials are 
started, the omission of reinforcement 
does not introduce unfamiliar cues; 
the response has been conditioned to 
nonreinforcement cues during train- 
ing and continues at a relatively high 


TABLE IV 


ComMPARISON OF THE DirFeERENCES * BETWEEN 509% AND 100% REINFORCEMENT Groups 
Durinc Extinction Arter Massep TRAINING AND AFTER SpaceD TRAINING 


Massed Training 


——_—_—__— 
| 
Mean Score | 





| 13-6| 14-4 | 


All 30 ext. trials 
(Md. = 16.3 sec.) 

Last 15 ext. trials 
(Md. = 25.3 sec.) 


Spaced Training 


| 


D, (massed )| 
minus 








* The measure used was mean number of responses at or below the overall median response time. 
** For one tail of distribution. 
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level. After training with 100 per- 
cent reinforcement, on the other hand, 
the start of extinction introduces 
nonreinforcement cues for the first 
time. The conditioned response to 
the changed stimulus pattern is there- 
fore weakened because it is at a differ- 
ent point on the generalization gradi- 
ent from the reinforced stimulus 
pattern. 

From this theoretical analysis it 
was predicted that spacing of training 
trials with animal subjects should 
reduce or destroy the advantage of 
partial reinforcement during extinc- 
tion, because with long inter-trial 
intervals the after-effects of rein- 
forcement or nonreinforcement on 
the preceding trials would have dis- 
sipated to some extent. The condi- 
tioned stimulus pattern at the start 
of a new trial would thus be more 
similar for the partial and 100-percent 
reinforcement groups during spaced 
training, and their performance dur- 
ing extinction should be more com- 
parable. The results of the experi- 
ment bear out the _ prediction. 
Whereas after massed training, sig- 
nificantly greater resistance to ex- 
tinction was found for 50 percent 
than for 100 percent reinforcement, 
after spaced training, there was no 
advantage for 50 percent reinforce- 
ment—the slight difference obtained 
was in the reverse direction. 

The reversal obtained with spacing 
in the present results is not a neces- 
sary implication of the hypothesis, 
which implies only that the difference 
will be reduced. By changing the 
spaced intervals used, the degree of 
overlearning (i.e., amount of training 
with nonreinforcement followed by 
reinforcement), and other details of 
the procedure, it may be possible to 
vary the size of the difference from a 
small change, with 50 percent rein- 
forcement still showing considerably 


greater resistance to extinction, to a 
significant reversal, with 50 percent 
reinforcement extinguishing more 
rapidly. Another factor affecting the 
size of the difference, and one which 
is probably little influenced by spacing 
of trials, is reinstatement of cues for 
continued responding. There are un- 
doubtedly stimuli from the animal’s 
behavior which are reinstated each 
time the animal is placed in the ap- 
paratus and which become cues for 
continued responding in spite of non- 
reinforcement. For example, in ad- 
dition to cues from the ‘frustration 
which carries over from a nonrein- 
forced trial to the start of the following 
trial with massed training, there may 
be cues from conditioned frustration 
aroused by apparatus cues on each 
trial with both massed and spaced 
training. If the latter type of cue is 
a big part of the stimulus pattern, 
spacing of trials would not reduce by 
much the difference between extinc- 
tion following 50 percent and 100 
percent reinforcement. 

As stated above, the hypothesis is 
applied specifically to a comparison 
of extinction after partial and 100 
percent reinforcement. It may be 
applied more generally as a hypothe- 
sis to explain part of the decrement 
that characterizes all extinction. Ac- 
cording to this hypothesis, a response 
becomes conditioned during training 
to the after-effects of reinforcement 
as part of the conditioned stimulus 
pattern. Omission of reinforcement 
during extinction thus changes the 
conditioned stimulus pattern, not 
only by the removal of reinforcement 
cues, but also by introducing what- 
ever new cues result from the omis- 
sion, such as those that are produced 
by the subject’s reaction to the omis- 
sion. Part of the decrement in the 
response during extinction would thus 
be interpreted as a weakening of the 
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response through generalization to 
the new stimulus pattern, combined 
with the weakening effects of any in- 
compatible responses that might be 
produced by the new stimulus pattern 
or the omission of reinforcement. 


It might be asked whether this hy- 
pothesis (as applied to partial reinforce- 
ment) can explain cases in which 
experimenters failed to obtain greater 
resistance to extinction with partial re- 
inforcement. Humphreys (14), in a bar- 
pressing experiment with rats, found an 
advantage for partial reinforcement only 
if number of reinforcements was held 
constant. Four groups received rein- 
forcements on (1) 18 out of 52 trials, 
(2) 18 out of 18 trials, (3) 7 out of 18 
trials, and (4) 7 out of 7 trials. Com- 
parison of number of responses during 
fixed extinction periods showed an ad- 
vantage for (1) over (2) and an advan- 
tage for (3) over (4), in each case the 
number of reinforcements being the same 
and the number of trials variable. But 
there was no difference between (2) and 
(3), where number of reinforcements is 
variable and number of trials is constant. 

The explanation of the effects of 
partial reinforcement proposed in the 
present report assumes that there must 
be a large enough number of occurrences 
of nonreinforcement followed by rein- 
forcement during training for a stable 
response to be conditioned to the extinc- 
tion cues. In (3) above, only seven 
reinforcements were given. If it is as- 
sumed that the first trial was always 
reinforced, there would be a maximum 
of six reinforced trials following nonrein- 
forced trials. It is unlikely that a very 
strong response could be conditioned to 
the extinction cues in so few trials. If 
there had been a control group for (1), 
with §2 trials all reinforced, it is possible 
that a comparison of this group with (1) 
might have revealed a difference in 
resistance to extinction. 

Another experiment which failed to 
demonstrate any difference in extinction 
between partial and 100 percent rein- 
forcement is one by Denny (4), involving 
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rats in a T-maze. However, this failure 
actually provides confirmation for the 
results of the present study, for the 
absence of an effect was under circum- 
stances in which the present findings 
indicate there should be no effect, namely 
following training with widely spaced 
trials. Partial reinforcement groups 
were given one reinforced and one non- 
reinforced trial per day, and 100-percent 
reinforcement groups were given two 
reinforced trials per day (plus, in each 
case, two trials to the incorrect side, the 
last two trials of the day being forced to 
achieve this combination). But the 
interval between trials given on the same 
day was 20-30 min., and 24 hours inter- 
vened between every two correct choices. 
In the present study, it was shown that 
a 1$-min. interval was sufficient to reduce 
to zero the difference in extinction of a 
running response following partial and 
100 percent reinforcement. 

Finger (5,6), on the basis of his 
studies, concluded that partial reinforce- 
ment per se did not result in greater 
resistance to extinction, but his results 
are shown to be inconclusive in a study 
by Lawrence and Miller (15) because of 
the effects of certain aspects of Finger’s 
technique. 

The question arises as to whether other 
theories that have been proposed to 
explain the results of partial reinforce- 
ment are able to account for the results 
of the present study. Foremost among 
other explanations is the ‘expectancy’ 
interpretation proposed by Humphreys 
(11) and later amplified by Hilgard (8). 
A difficulty in this case is that the inter- 
pretation is not stated rigorously enough 
for its application in a new situation to be 
clear. In fact, its application even to 
Humphreys’ findings is not unambiguous. 
The relatively higher level of responding 
during extinction after partial reinforce- 
ment is explained merely as due to the 
difficulty of shifting from an expectation 
of intermittent reinforcement to an ex- 
pectation of complete nonreinforcement, 
compared with the ease (after 100 percent 
reinforcement) of shifting from an ex- 
pectation of uniform reinforcement to an 
expectation of uniform  nonreinforce- 
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ment. One might as readily argue, at 
the same level of discourse, just the re- 
verse: that after being habituated to 
infrequent reinforcements, the subject 
finds it easy to get used to the idea that 
there will be none at all, but after being 
habituated to uniform reinforcement, 
the subject finds it hard to believe that 
there will be no more reinforcements. 
The point is that Humphreys’ ex- 
planation did not follow from an ex- 
pectancy principle; it was an ex post 
facto conjecture as to what the course 
of expectancies must have been if ex- 
pectancies are to be considered the 
causes of the behavior. The fact that in 
a subsequent study (12) Humphreys 
showed that the course of verbal ex- 
pectancies did roughly correspond to 
that of conditioned responses is treated 
by Hilgard (8) as confirmation of this 
conjecture and as evidence in favor of 
an expectancy principle. However, 
Humphreys’ subsequent results show 


only that verbal responses are affected 
by partial reinforcement in much the 
same way as other responses. 


And the 
critical issue is that neither of these was 
deduced from the expectancy hypothe- 
sis; the course of expectancies was deter- 
mined empirically, and the course of the 
other conditioned responses was ex- 
plained as being due to the course of 
expectancies. One of the advantages of 
the present hypothesis is that it can 
predict the course of both kinds of 
responses without recourse to any empir- 
ical analysis. 

Humphreys’ (11, 13) initial rise in the 
extinction curve after partial reinforce- 
ment is attributed to high expectation of 
reinforcement after two extinction trials 
because there never were more than two 
successive nonreinforcements during 
training. This must mean that the 
subject is keeping track of (i.e., respond- 
ing differentially to the after-effects of) 
the successions of reinforcements and 
nonreinforcements. To say that, after a 
series of events which has always been 
followed by reinforcement, the subject 
has a high expectation of reinforcement 
contributes nothing beyond the stimulus- 
response interpretation that to a differ- 
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ential cue that has always been followed 
by reinforcement, there is maximal 
probability of eliciting the conditioned 
response. 

If expectancy is viewed as the basic 
principle for explaining all learning, then 
there would appear to be no reason for 
predicting anything different for resist- 
ance to extinction following spaced 
training from that following massed 
training. The fact that the animals in 
this study /earned as well, if not better, 
with spaced as compared with massed 
training would indicate that the ex- 
pectancies used by the expectancy prin- 
ciple can be set up and maintained 
through intervals as long as those used. 
Therefore, it is difficult to see why spacing 
of training should remove the advantage 
in resistance to extinction usually found 
with partial reinforcement. Presum- 
ably expectancies are aroused when a pre- 
viously-experienced situation recurs, re- 
gardless of the time interval separating 
the two exposures. Distributed practice 
should facilitate the acquisition of an 
expectancy as much as it does the learn- 
ing of any response, and the advantage of 
partial reinforcement should be increased, 
if anything, by the spaced practice in 
forming expectancies. 

However, if expectancies are regarded 
as secondary phenomena sometimes in- 
volved in learning, then such expect- 
ancies, particularly in the form of im- 
plicit verbal responses with human sub- 
jects, would be included here as one of 
the after-effects of reinforcement or non- 
reinforcement as described in the present 
hypothesis. For human subjects, such 
verbal responses would undoubtedly be 
an important part of the reinforcement 
or extinction cues to which the response 
becomes conditioned. For example, hu- 
man subjects who tended to verbalize 
what went on in Humphreys’ experi- 
ments (11,13) might, after a certain 
amount of practice, think to themselves 
the equivalents of: “Two shocks in a 
row, none next time,” or ““No shock and 
then shock, maybe shock again this 
time,” or ‘“‘No shock for two trials, shock 
for sure next time.”” Such verbalizations 
would function as after-effects and would 
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provide distinctive cues exactly corre- 
lated with preceding patterns of rein- 
forcement (to the extent that they cor- 
rectly described the actual events of the 
experiment). They would also very 
probably be one of the cues reinstated at 
the start of each trial. Furthermore, 
they would be differential cues that had 
been reinforced, respectively, o percent, 
50 percent, and 100 percent of the time 
in Humphreys’ procedure. It is not 
surprising, therefore, that strength of 
actual responding correlated to some 
extent with cues so differentially rein- 
forced. A separate expectancy principle 
is not required to explain why these ex- 
pectancies help produce the greater re- 
sistance to extinction found by Hum- 
phreys. The subject who has always 
been reinforced while thinking ‘No 
shock for two times’ is more likely to 
give the conditioned response when he 
thinks “‘No shock for three or four times” 
than the subject who not only has never 
been reinforced while thinking this but 
also never thought anything like it dur- 
ing acquisition. Such _ verbalizations 
function exactly as the presence or 
absence of food taste in the mouth and 
the state of frustration in the case of 
rats. 

But applying the expectancy principle 
to animals as if they had implicit verbal 
cues would very probably lead to errors 
of prediction. Humphreys (14) himself 
does not attempt to apply the expect- 
ancy principle in his study of partial 
reinforcement with rats. In the case of 
human subjects, spacing of training 
trials would probably have much less 
effect of reducing the difference between 
partial and 100 percent reinforcement 
in resistance to extinction, because verbal 
cues could doubtless still be re-aroused 
after long inter-trial intervals. Still, 
some effect similar to the present findings 
should show up since the advantage of 
partial reinforcement would partly de- 
pend, in human subjects, on their ability 
to remember, at any point during learn- 
ing, what had happened on the last few 
trials, and since some forgetting would 
be expected with long intervals between 
trials. 
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Another proposal for explaining the 
effects of partial reinforcement is one by 
J. S. Brown, which has been tested by 
Mowrer and Jones (17). They have 
designated it the ‘response-unit’ hypoth- 
esis. Speaking of their bar-pressing re- 
sponse, they suggest that what is rein- 
forced in the partial reinforcement situ- 
ation is not the single bar-depression that 
immediately precedes food but the se- 
quence of bar-depressions leading up to 
the reward. Defining the ‘response’ as 
a sequence or pattern of behavior rather 
than a single act, they propose that the 
behavior temporally more remote from 
the reward is reinforced by it to a di- 
minishing extent according to the prin- 
ciple of the gradient of reinforcement. 
Accordingly, animals rewarded during 
training for several depressions of the 
bar would be expected during extinction 
to press the bar more times but not nec- 
essarily to make more ‘responses’ than 
animals whose ‘response’ during training 
was a single bar-depression. 

From this hypothesis it would prob- 
ably be predicted that spacing of training 
trials would make it difficult for a se- 
quence of behavior to be reinforced as a 
‘unit’ and would therefore cause a break- 
down in the usual advantage of partial 
reinforcement in extinction. However, 
even with massed training, it would ap- 
pear to be much easier to conceive of 
several bar-depressions as a response-unit 
than two or three runs down an alley 
separated by 15-second intervals in the 
home cage. In the latter case, the 
length of time involved and the possi- 
bility for variable intervening activity 
make the idea of a response-unit unten- 
able. 

Denny 


has obtained evidence 


(4) 
supporting a secondary reinforcement 
hypothesis for explaining the fact that 
acquisition is almost as good with partial 
reinforcement as with 100 percent rein- 


forcement. He does not attempt to ap- 
ply it to differences in extinction under 
the two conditions, which in fact his 
study does not show. Secondary rein- 
forcement from the empty goal box un- 
questionably operated in the 50 percent 
groups in the present study, but there is 
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no reason to expect it to operate differ- 
ently when training trials are spaced 
from when they are massed. Secondary 
reinforcement not only cannot explain 
the differential effect on resistance to 
extinction obtained with massed and 
spaced training trials, but also it cannot 
account for the basic difference in ex- 
tinction between partial and 100 percent 
reinforcement with massed training trials. 
In order for the secondary reinforcement 
principle to explain the latter, it would 
have to be assumed that secondary rein- 
forcement is stronger than primary rein- 
forcement. 


SUMMARY 


1. Seventy-two rats were trained to 
run down an alley for food. Half re- 
ceived reinforcements on all training 
trials, and half randomly on 50 per- 
cent of the trials. Half of each group 
were trained with a 15-sec. interval 
between trials and half with a 15-min. 
interval. Each of the four training 
groups was divided for extinction, 
half being extinguished with the 15- 
sec. interval and half with the 15-min. 
interval. 

2. There were no significant differ- 
ences in level of performance on the 
last half of the acquisition trials, 
either between 100 percent and 50 
percent reinforcement or between 
massed and spaced training. 

3. After massed training, resistance 
to extinction was significantly greater 
for 50-percent reinforcement groups 
than for 100-percent reinforcement 
groups. 

4. After spaced training, the differ- 
ence in resistance to extinction be- 
tween 100-percent and 50-percent 
reinforcement groups was not sig- 
niffeant; it was, in fact, slightly 
reversed. 

5. The differential effect of partial 
reinforcement depending on whether 
training was massed or spaced was 
found to be significant. 


6. These results verify a prediction 
from a hypothesis utilizing stimulus- 
response learning concepts for ex- 
plaining the effect of partial rein- 
forcement on extinction. 


(Manuscript received November 5, 1948) 
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DISTRIBUTED PRACTICE IN VERBAL LEARNING 
AND THE MATURATION HYPOTHESIS * 


BY SUSAN T. H. WRIGHT AND DONALD W. TAYLOR 


Stanford University 


INTRODUCTION 


The hypothesis of stimulation-in- 
duced maturation was first made 
explicit by Doré and Hilgard (1). 
Wheeler (5) had earlier advanced the 
idea that: “Repetition of stimulation 
is unquestionably a condition of learn- 
ing, not because it leads to the use of 
the same nerve patterns over and over 
again but because it induces matura- 
tion when the stimulation is properly 
timed.” Developing this line of 
thought, Doré and Hilgard (1) formu- 
lated the hypothesis that: “At any 
given age-level of maturation, distrib- 
uted stimulation in a specific function 
will give rise to an improvement in 
that function at a rate which is re- 
lated more closely to the time elapsing 
from the beginning of practice than 
with the total amount of practice.” 

The previous experiments relevant 
to this hypothesis have been reviewed 
by Hilgard (2) in his recent book, 
Theories of learning, and with one 
exception will not be described here. 
In a chapter devoted to Wheeler’s 
learning theory, Hilgard uses these 
experiments to illustrate the emphasis 
placed on maturation by organismic 
psychology. 

The previous experiments all in- 
volved perceptual-motor learning. 
The purpose of the present study was 
to test the applicability of the hy- 
pothesis to rote verbal learning. 


* This article is based on experimental work 
incorporated in a thesis submitted by Miss 
Wright to Stanford University in partial ful- 
fillment of the requirements for the degree of 
Master of Arts. The second author supervised 
the experimental work and prepared the present 
report. 


The experimental design employed 
in the present investigation was de- 
liberately patterned after that used in 
Doré and Hilgard’s original study (1). 
In that experiment, four groups of 25 
Ss practiced individually on the 
Koerth pursuit rotor during a single 
43-min. period. The individuals in 
each group were given three initial 
one-min. trials separated by one-min. 
rests; all groups were also given a 
final one-min. test trial following a 
one-min. rest period. Following the 
initial trials, three of the groups 
practiced for one-min. periods and 
rested 11, 3 and 1 min. between trials, 
respectively. These groups received 
a total of 7, 13 and 22 trials, respect- 
ively, during the 43-min. period. The 
fourth group received three-min. prac- 
tice periods alternated with one-min. 
rest periods for a total of 31 trials. 

The latter three of the four groups 
made essentially the same mean score 
during the 41st min., this in spite of 
the fact that out of the 41 min. they 
had spent 12, 21 and 30 min., re- 
spectively, in practice. These re- 
sults are consistent with the hypothe- 
sis of stimulation-induced matura- 
tion. The learning was proportional 
to elapsed time rather than to the 
amount of practice. The achieve- 
ment in 41 min. of the 7-trial group 
was definitely inferior to that of the 
other groups. In terms of the matu- 
ration hypothesis, it would be said that 
the stimulation provided the 7-trial 
group was insufficient for optimum 
growth, that the stimulation for the 
13-trial group was somewhere near 
optimum, while that for the 22-trial 
and 31-trial groups was excessive. 
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It should be added that, although 
their experimental results are con- 
sistent with it, Doré and Hilgard (1) 
express reservations with respect to 
the maturation hypothesis. They 


point particularly to fatigue and to 
the tendency of massing of practice 
to conceal the effects of learning as 
two factors which may provide at 
least a partial alternative explanation. 


Tue EXPERIMENT 


The task set the Ss in the present study was 
that of learning a list of 18 nonsense syllables 
presented serially at the rate of one every three 
sec. by means of a Cornell Memory Drum. The 
method of serial anticipation was employed. 
Before the first syllable was a cue symbol, 
o-o-0, and after the last syllable a blank space. 
Thus, for each trial there were 20 exposures of 
three sec. each and each trial lasted 1 min. 

A total of 80 Ss were obtained from the ele- 
mentary class in psychology. These were 
divided into five groups of 16 Ss each on the 
basis of their performance on the second pre- 
liminary trial. In this way the mean scores of 
the five groups on the second trial were equated. 

All five groups were given a total practice 
period of 52 min. Following the initial pres- 
entation of the list, all groups were given two 
preliminary trials with two min. rest intervals 
interposed. Beyond this point, the spacing of 
practice was systematically varied among the 
several groups. Group A received eight-min. 
rest periods. Groups B,C, and D were given 
rest periods of 3} min., 2 min., and 1} min., 
respectively. Group E practiced continuously. 
During the rest intervals S was given a cartoon 
book to look at. This schedule was designed 
so that each group would have a trial during the 
16th, 25th, 34th, 43rd, and 52nd min. of practice. 
The purpose of this feature of the design was to 
facilitate comparisons of group achievement. 

Two lists of 18 nonsense syllables each were 
taken from the study of Melton and Irwin (3). 
Half of the Ss in each group learned one list; the 
other half learned the other list. The Ss were 
instructed to spell the syllables, not to pronounce 
them. If an S learned all 18 syllables to a 
criterion of two successive perfect trials, he was 
allowed to stop. Eleven of the 80 Ss met the 
criterion in less than the scheduled number of 
trials. Their data are included as though they 
had continued to score correctly on the remain- 
ing trials. However, no S had reached the 
criterion by the 12th trial and only one had done 
so by the 34th min., the two points at which the 
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tests of significance of differences described below 
were carried out. 


RESULTS 


The results obtained are of interest 
first with respect to the general prob- 
lem of optimum spacing of practice. 
Fig. 1 presents the mean achievement 
of each of the five groups as a function 
of the number of trials of practice. 
The data show clearly that spaced 
practice is superior to massed prac- 
tice. But the more interesting finding 
is that varying the length of the inter- 
polated rest periods from 1} min. to 
8 min. produced no significant vari- 
ation in the achievement per trial of 
practice. Fig. 1 shows that the learn- 
ing curves for the four groups with 
distributed practice cross and recross 
each other repeatedly. At no point 
is there a significant difference be- 
tween the mean scores of any two of 
these groups. 

In contrast, the learning curve for 
Group E with continuous practice is 
consistently inferior to those of the 
other four groups. The significance 
of this difference may be tested at the 
12th trial, this point being chosen for 
two reasons: It was the last trial for 
Group B and, secondly, no S at this 
point had met the criterion. On the 
12th trial the means of Groups B, C, 
and D: were 9.63, 9.38 and 9.44 
respectively. Since there were no 
significant differences among them, 
the three groups were combined into 
one with a mean of 9.48. The differ- 
ence between this mean and that of 
7.19 for Group E was tested by 
means of the t-test for uncorrelated 
measures and found to be significant 
at the 5 percent level. 

The finding that learning efficiency 
did not increase when the length of 
the interpolated rest periods was in- 
creased from 1} min. to 8 min. con- 
trasts with the results obtained in two 
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other studies involving the same 
range of length of rest periods. Thus, 
in the study described above, Doré 
and Hilgard (1) found that increasing 
the rest periods from I min. to 11 min. 
did increase the efficiency of learning 
on the Koerth pursuit rotor. The 
discrepancy between their finding and 
that of the present study may possi- 
bly be due to the difference in the type 
of learning task employed. Piéron’s 
study (4), however, also involved rote 
verbal learning, the task being that of 
learning lists of 20 numerals to mas- 
tery. The rest periods employed in- 
cluded 30 sec., 2 min., 5 min., and 10 
min. As the length of the rest 
periods was increased, the number of 
trials required for mastery decreased 
from 11 trials with 30-sec. intervals to 
5 trials with 10-min. intervals. The 
explanation of this difference in re- 


Achievement as a function of amount of practice 


sults is not apparent, although it 
should be noted that Piéron’s study 
involved only one subject. 

The present data do not confirm the 
predictions made on the basis of the 
hypothesis of stimulation-induced ma- 


turation. Fig. 2 presents the achieve- 
ment of the five groups as a function 
of elapsed time instead of number of 
trials of practice. The maturation 
hypothesis would lead one to expect 
that the curves for two or more of 
the groups would coincide. This ex- 
pectation follows from the view that 
maximum achievement within a given 
period of time will be produced by a 
certain optimum amount of stimula- 
tion or practice, that additional 
practice within that period will pro- 
duce no additional achievement. 
Suppose, for example, that the hy- 
pothesis were valid and that the 17 
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trials given Group C represented 
optimum stimulation. Then the 
larger number of trials given Groups 
D and E would have produced no ad- 
ditional achievement. The achieve- 
ment of the three groups would have 
followed the same general curve when 
plotted as a function of elapsed time. 

The data presented in Fig. 2 do not 
support the maturation hypothesis. 
Instead, the results show that the 
larger the number of trials given in 
52 min. the greater the achievement, 
the limiting case being that of Group 
E, with continuous practice, whose 
performance was consistently superior 
to that of any of the groups with dis- 
tributed practice. 

The ¢-test for uncorrelated meas- 
ures was used to determine the sig- 
nificance of the differences between 
the mean scores of adjacent groups 
during the 34th min. The 34th min. 
was chosen for two reasons: All 


TABLE I 


SIGNIFICANCE OF DIFFERENCES BETWEEN 
Mean Scores or Apjacent Groups 
DurinG THE 34TH MIN. oF 
PRACTICE 








Difference 
between 
Adjacent 
Group 
Means 


Mean Score 


Group | (34th min.) 


t 
(df =30) 





2.81 


2.75 


2.69 

















groups had a trial at this point and, 
secondly, only one S had yet reached 
the criterion. By the 43rd min. 
eight Ss, and by the 52nd min. a total 
of eleven, had reached the criterion. 
Table I presents the results of the 
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analysis. The difference between ad- 
jacent means are significant in all but 
one case. Of primary interest is the 
fact that the difference between Group 
E with continuous practice and group 
D, the next best, is significant at the 
three percent level. 

It may be noted that the test of 
significance employed did not take 
into account the fact that the five 
groups were equated with respect to 
their means on the second trial. Had 
this been done the levels of significance 
would undoubtedly have been higher. 
However, more elaborate statistical 
analysis does not seem necessary to 
justify the conclusion that the present 
data do not support the hypothesis 
of stimulation-induced maturation. 


SUMMARY 


The purpose of the present study 
was to test the applicability of the 
hypothesis of stimulation-induced ma- 


turation to rote verbal learning. 
Five groups of 16 Ss were employed. 
That task was that of learning by the 
method of serial anticipation a list of 
18 nonsense syllables presented at 


the rate of one every three sec. All 
Ss received a total practice period of 
52 min., and all trials were one min. 
in length. The length of the inter- 
polated rest periods was systemati- 
cally varied. One group of Ss prac- 
ticed continuously. The other four 
groups received rest periods of 8, 3}, 
2, and 1} min. respectively. 

The achievement per trial of all 
four groups with spaced practice was 
superior to that of the group with 
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continuous practice. The more inter- 
esting finding is that varying the 
length of the interpolated rest periods 
from 1} to 8 min. produced no sig- 
nificant variation in achievement per 
trial. 

The maturation hypothesis pre- 
dicts that maximum achievement 
within a given period of time will be 
produced by a certain optimum 
amount of stimulation or practice, 
that additional practice within that 
period will produce no additional 
achievement. The results obtained 
do not confirm the hypothesis. In- 
stead, the data show that the larger 
the number of trials given in 52 min. 
the greater the achievement. In 
terms of achievement per unit of 
elapsed time, the performance of the 
group with continuous practice was 
significantly better than of any of the 
groups with distributed practice. 


(Manuscript received 
September 24, 1948) 
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ABILITY PATTERNS UNDER DISTRIBUTED PRACTICE! 


BY MARY J. KIENTZLE 
The State College of Washington 


In an earlier study (2), the writer 
found definite relationships between 
group variability and distribution of 
practice. Data from 12 groups of 
subjects who practiced printing the 
inverted alphabet under varying con- 
ditions of spacing, showed conclusively 
that: 

1. Trial by trial, groups with 
spaced practice obtained higher mean 
scores than groups with massed prac- 
tice. 

2. Group variability rose more 
rapidly with spaced practice than 
with massed practice. The sharper 
rise in variability still appeared when 
size of mean scores was taken into 
account. 

3. Correlations between scores on 
specific trials were associated with 
the ordinal numbers of the trials, but 
not with the amount of rest between 
them. In other words, intertrial cor- 
relations were invariant under spac- 
ing. 

As it stood, the third conclusion 
was subject to varying interpreta- 
tions. Correlations among scores on 
Trials 1, 2, 5, 10, 12, 15, 19, and 20 
from the massed groups showed the 
same patterns, and were of the same 
size, as the corresponding correlations 
from the various spaced groups. Yet, 
there was no way to be sure that 
factors accounting for the correlations 
in one experimental group were the 
same as factors in a group which had 
practiced under different conditions. 
Even though the 12 groups were work- 
ing under comparable conditions dur- 


1This research was supported in part by a 
grant-in-aid from the College Committee on 
Research of the State College of Washington 
for 1947-1948. 


ing their first trial, correlations of 
scores on Trial 1 with scores on sub- 
sequent trials were not high enough to 
say positively that similar correlation 
patterns for the diverse groups im- 
plied the operation of the same under- 
lying factors for all experimental 
conditions. It was the kind of in- 
determinacy that would arise if the 
correlation between Tests X and Y 
were .60, and the correlation between 
Tests X and Z were also .60. Since 
the coefficient of alienation in each 
case would be .80, there would be no 
guarantee that any of the factors 
common to X and Y were also com- 
mon to X and Z. 

On the other hand, if rxyy were .95 
and rxyz were also .g5, we could be 
fairly certain that X, Y, and Z were 
largely determined by the same 
factors. It has been found repeatedly 
that correlations among amount-done- 
per-unit-time scores from trials later 
in practice are much higher than cor- 
relations among scores from earlier 
trials. In fact, correlations among 
scores on later trials, when corrected 
for attenuation, often come close to 
1.00. The use of trials later in prac- 
tice as departure points for varying 
conditions of distribution should yield 
fairly unequivocal data regarding the 
similarity of learning processes under 
massed and distributed practice. 

With this in mind, the present ex- 
periment was designed to show more 
clearly the relationship between group 
variability and the distribution of 
practice. 

PROCEDURE 


Four groups of Ss practiced writing the in- 
verted alphabet for 20 one-min. trials under the 
following experimental conditions: 
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20M Group A (N = 78) had 20 trials with _ pleted a line, they covered it with a ‘cover sheet’ 
no rest at all between trials. to preclude the possibility of copying from one 
1sMsD Group B (N = 92) had 15 trials line to the next. During rest periods, the Ss 
with no interpolated rest. Trials 16, 17, were asked not to look at their papers, and not to 
18, 19, and 20 were each preceded by 60 think or to talk about the task. When no rest 
sec. of rest. pause was interpolated, they worked immedi- 
20D Group C (N = 94) had 20 trials with ately on the next trial. 
60 sec. of rest between trials. The test blanks consisted of two 84 X 11 
15D5M Group D (N = 81) had 15 trials sheets of four-to-the-inch cross-section paper, to 
with 60 sec. of rest between trials. Trials which was attached the cover sheet mentioned 
16, 17, 18, 19, and 20 were each preceded above. The two record sheets were numbered 
by no rest at all. along the right-hand side to indicate the starting 
point for each trial. For all groups, score was 
the number of letters printed per trial, regard- 
less of accuracy. 


The Ss were elementary psychology students 
at the State College of Washington. They par- 
ticipated in the experiment during regular class 
periods. They were instructed to print the 
alphabet upside down as rapidly and as accur- RESULTS 
ately as possible, making one letter in each 
square of i ineitintaah cross-section paper Table I shows the means and stand- 
provided as test blanks. As soon as they com- ard deviations at each trial for all 
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four groups. Also, it shows the 
variability at each trial as a propor- 
tion of the initial variability of the 
particular experimental group. 

The data in this table support the 
conclusions of the earlier study that 
distributed practice yields higher 
mean scores than massed practice. 
Furthermore, they agree with Gen- 
try’s (1) conclusions that changing 
from massed to spaced practice and 
vice versa changes mean scores rap- 
idly. Group B, which changed from 
massed to spaced practice, showed an 
immediate increase in mean score with 
Trial 16, and continued to improve 
through the 2oth trial. Group D, 
which changed from spaced to massed 
practice, showed lower mean scores at 
once. The last five mean scores 
earned by this group were all lower 
than the same group’s mean score on 
Trial 15. 


Also, when the ratio of the vari- 
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ability at any trial to initial variabil- 
ity is considered, it is apparent that 
variability rises much more slowly 
under massed practice. This fact 
is especially clear for Group D, which 
changed from spaced to massed prac- 
tice. For Trials 16 through 20, the 
mean scores ranged from 58.4 to 62.7; 
the variabilities for these massed 
trials averaged eight percent higher 
than the initial variability. How- 
ever, on Trials 8 through 11, when 
the means showed substantially the 
same range, the variabilities averaged 
19 percent higher than the initial 
variability. 

As in the earlier study (2), the 
slower rise of group variability with 
massed practice is not entirely con- 
tingent upon the lower mean scores 
earned by the massed groups. Rather 


when the size of the mean score is 
taken into account, the slower increase 
of variability for the massed groups is 
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Variability as a function of mean score and condition of distribution 


Means obtained under massed conditions were grouped according to size (e.g., from 35 to 44) and 


their average was entered on the abscissa. 
plotted as the ordinate. 


The average of the o/o,’s corresponding to them were 
Points for distributed practice were similarly obtained. The first row of 


figures above the graph shows the number of observations entering each point on the upper curve; 
the second row gives the same information for the lower curve. 
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still apparent. Fig. 1 shows the 
relationship between the mean score 
and the ratio of the corresponding 
variability to the initial variability. 
Although variability rises with both 
conditions of practice, its progress is 
more rapid with interpolated rest. 

Scores from Trial 15 were corre- 
lated with scores from Trial 16 and 
Trial 20. In order to estimate the 
reliability of scores on Trial 15, 16, 
and 20, individual practice curves 
for Groups A and C were plotted and 
smoothed free-hand. The correlation 
between the observed and smoothed 
scores for a particular trial was con- 
sidered its reliability. The reliabili- 
ties thus found ranged from .g1 to 
.97 and showed no systematic vari- 
ation with either ordinal number of 
the trial or with experimental condi- 
tion. Since differences among these 
six coefficients were insignificant (r 
= .95), the value corresponding to 
the average of the coefficients trans- 
forme by Fisher’s z-method was 
used as the reliability of the scores 
on all three trials for both groups. 
The reliability of scores on these three 
trials for Groups B and D was also 
assumed to be .9g5. 

The correlations, both observed and 
corrected for attenuation, are pre- 
sented in Table II. 

Fisher’s z-test showed differences 
among the raw correlations 115,15 to 


TABLE II 


CorreLaTions BETWEEN Scores ON TRIAL 
15 AND Scores oN Later TRIALS 


| Observed Corrected 
| Coefficients | Coefficients 
Condition | Group | 2 a ae | 
| 
| 716,16 | 718,20 | Tis. 16 | Tu6, 20 


| 853 | .gor | .g00 | .g51 

3 | 92 | .9or | .go2 | .OS1 | .g52 
C | 94 | .g18 | .880 | .969 | .g29 
D | 81 847 | .848 | 894 | 895 





TABLE Ill 


Sicniricance (P) or Deviations oF 
OsseRveED Scores FROM NORMALITY 





| | | | 
Condition Group | Trial 15 | Trial 16 Trial 20 
| 





78 | .54 
99 | 6 | 
.66 88 | 
65 $3 


be no larger than might be expected 
from errors of random sampling. 
Similarly, ris,20 from the four groups 
also showed only chance variation. 
That is, there were no significant dif- 
ferences among correlations for the 
four experimental groups. 

Since correlations may be affected 
by the shape of the distributions from 
which they come, observed scores on 
Trials 15, 16, and 20 were fiitted to 
normal curves. Table III shows the 
significance of deviations from normal- 
ity, as found by the chi-square tech- 
nique. 

It is evident from Table III that 
deviations from normality do not 
require the rejection of the null hy- 
pothesis. 


DiscussIoN 


The results described herein imply 
that rest and practice have different 
functions in improving scores. 

The increased variability under 
distribution, which appeared not only 
in the present study, but also in an 
earlier one employing a wide variety of 
rest intervals (2), indicates that Ss 
varied widely in processes occurring 
during rest intervals. Although fur- 
ther work would be required to deter- 
mine exactly the relative contribu- 
tions of practice and rest to the extent 
of group variability, it is evident that 
rest was associated with an increase in 
variability. Furthermore, the in- 
creased variability with interpolated 
rest was not a mere accompaniment 
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of the higher mean scores earned by 
the rested groups. When mean scores 
of the same size were considered, 
higher variabilities accompanied the 
means obtained under spaced condi- 
tions. 

Although changing conditions of 
spacing late in practice materially 
affected mean and standard 
deviations, ‘it did not affect correla- 
tions with the 15th trial. Gains be- 
tween Trial 15 and later trials varied, 
but correlations with Trial 15 did not. 

Looking upon Group A as a control 
for Group B, we see that although 
Group A gained only 6.3 points be- 
tween Trials 15 and 20, Group B, 
which shifted to spaced practice, 
gained 15 points. Nevertheless, ri5, 20 
is the same for both groups. Since, 
for the first 15 trials, Group A and 
Group B both used massed practice, 
the explanation of the variance of 
Trial 15 in the two groups should 
logically involve the same abilities. 
Similarly, the explanation of the 
variance of Trial 15 should be the 
same for Group C as for Group D. 

In Group B, .95°, or go percent of 
the variance of Trial 16 was associ- 
ated with variation in Trial 15; in 
Group A, .go*, or 81 percent, of the 
variance of Trial 16 was associated 
with variation in Trial 15. In other 
words, the variance of Trial 16 from 
Group A and the variance of the same 
trial from Group B were both largely 
accounted for by variation in Trial 15 

-which logically should have the 
same explanation in both groups. 
The same situation holds in consider- 
ing the determination of Trial 20 from 
Groups A and B. And it holds in 
considering the determination § of 
Trials 16 and 20 in Groups C and D. 
Neither in instances where the same 
condition of distribution continued 
nor in instances where the conditions 
were changed were the variances of 
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later trials wholly determined from 
the variance of Trial 15. Neverthe- 
less, correlations with scores on Trial 
15 stayed high enough in Groups A 
and B to indicate substantial over- 
lapping, if not identity, of determiners 
of Trial 16, and also of Trial 20, in 
the two groups. Likewise, the deter- 
miners of Trial 16, and of Trial 20 
from Groups C and D, show consider- 
able overlapping. 

Although the above conclusion ap- 
plies strictly only to the similarity of 
underlying abilities within the first 
two groups, and within the last two 
groups, the similarity of intertrial 
correlations for all four groups, along 
with the constancy of correlations 
under altered procedures, would lead 
one to suspect a similarity through- 
out of determiners for any particular 
trial. Furthermore, one might rea- 
sonably suppose that invariance of 
intertrial correlation matrices under 
varied distributions of practice (2) 
implies an actual invariance of abili- 
ties entering the task. 

if further research confirms the 
suspected state of affairs, considerable 
light would be shed on the nature of 
practice. 
tulated to account for 
differences in 


Abilities are variables pos- 


individual 
scores when experi- 
mental conditions are held constant. 
The rationale behind such a postulate 
comes from the assumption that when 
two sets of events vary together, they 
can be explained in terms of the same 
underlying variables. In the field of 
individual differences, we measure 
extent of association between two sets 
of scores by the correlation coefficient, 
and postulate independent abilities 
to account for that 
Thus, if ris.i6 is .95, we assume that 
scores on both trials reflect largely 
the same abilities. 

If intertrial correlations depend on 
number of trials, but not on the 


association. 
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amount of intervening rest, and if the 
invariance of correlations means an 
invariance of component abilities, 
then rest does not change a subject’s 
standard score on a specified trial. 
That is, if it were possible to observe, 
say, two 15th trials from the same 
group of subjects, the one trial under 
massed conditions and the other under 
spaced, each subject’s standard score 
would be the same on both trials. 
He might earn a higher raw score with 
rest, but he would keep the same stand- 
ing on both trials. In other words, 
the correlation between scores on the 
two hypothetical 15th trials would be 
1.00. This in turn would imply that 
raw scores on the first hypothetical 
Trial 15 (Xhis-1) would be a linear 
transformation of raw scores on the 
second hypothetical Trial 15 (Xpis-2). 
Such a linear transformation might 
be written as follows: 


Xiis-1 = m Xnis—2 + J, 


in which m and b are constants. In 
order for riai5—1), a1s—2) tO remain 1.00, 
m and b would have to stay the same 
for all subjects. They would reflect 
the relationship between the means 
and standard deviations of scores on 
the two hypothetical trials. 

Such a relationship between raw 
scores on the two trials would imply 
that the ability pattern of one trial is 
exactly the same as the ability pattern 
of the other trial, when ‘scores’ on the 


two abilities are standard scores. 
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In other words, the relative contribu- 
tions of various abilities to variance 
at any particular trial would be in- 
dependent of rest. 

The above conclusions are 
sarily tentative. 


neces- 
Nevertheless, the 


data of the present study, as well as 


those of an earlier one (2), suggest 
strongly that, while practice changes 
the underlying abilities entering a 
task, rest improves performance in 
some total fashion which leaves abil- 
ity relationships unchanged. Level 
(as shown by mean scores) and vari- 
ability of performance depend on rest 
as well as on practice, but ability pat- 
tern does not. A final answer to the 
question might be obtained by factor- 
analyzing scores from different stages 
of practice under varying conditions of 
distribution along with several tests 
of known factor content. The present 
investigation indicates that this or 
some similar analysis of individual 
differences would contribute materi- 
ally to understanding of the 
nature of learning. 


our 
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THE PERCEPTION OF THE VERTICAL: I. VISUAL 
AND NON-LABYRINTHINE CUES * 


BY CECIL W. MANN, NEWELL H. BERTHELOT-BERRY, 
AND HENRY J. DAUTERIVE, JR. 


Tulane University 


The orientation of the pilot flying 
in three dimensions of space presents 
many problems. It has been pointed 
out by Vinacke (13) that pilots with 
many hours of flying experience are 
subject to certain visual and postural 
errors of judgment which tend to re- 
duce their flying efficiency. Adjust- 
ment to the flying situation brings 
into operation receptors in the semi- 
circular canals, the otoliths, and the 
proprioceptive indicators in viscera, 
muscles, tendons, and the skin senses. 
The intact organism will use any or 
all cues which are appropriate to the 
situation. In broad daylight and 
with good visibility visual cues will 
probably predominate. Even under 
these conditions the importance of 
proprioceptive cues as an orientation 
factor cannot be neglected. Under 
conditions of reduced visibility—night 
flying, flying in clouds and overcast 
proprioceptive cues will assume in- 
creased importance. 


Many attempts have been made to 
establish the relationships existing be- 
tween vestibular and visual functions in 
the maintenance of orientation. An 
adequate summary of this work up to 
1934 has been given by Dusser de Bar- 


*This report is part of a series of investiga- 
tions conducted jointly with the School of Avi- 
ation Medicine and Research, under contract 
N7onr-434, Task Order I, with the Office of 
Naval Research in cooperation with the Bureau 
of Medicine and Surgery and The Tulane Uni- 
versity of Louisiana. Project Designation 
Number NR140-455 of the Medical Sciences 
Division, Office of Naval Research. Project 
No. NM-oo1-037 of the Research Division, 
Bureau of Medicine and Surgery. Task Order 
Director: Cecil W. Mann. 


enne (5). It is significant that with 
changes in experimental design emphasis 
has been thrown at one time upon visual 
cues, at another upon vestibular and non- 
vestibular cues. In 1874-5, Mach, Bre- 
uer, and Crum Brown published inde- 
pendently their theories concerning the 
relation of the semicircular canals to 
postural and rotational perception. In 
1875, Breuer differentiated the function 
of the receptors in the ampullae of the 
semi-circular canals and the maculae of 
the utricle and the saccule. Bourdon 
(4), from the evidence he obtained by 
varying the somesthetic cues and the 
position of the head with respect to the 
body, believed that the proprioceptive 
cues from the trunk and limbs were as 
important in postural judgment as were 
the vestibular functions. Garten (6) 
placed subjects in a ‘nodding chair,’ in 
air and in water, and from a comparison 
of their judgments, made under both 
conditions, concluded that ‘muscle sensi- 
bility’ was the predominant factor in 
postural judgments. Arndts (1) fol- 
lowed this by an experiment in which he 
used local anaesthetics to reduce the 
skin sensitivity, and concluded that 
‘deep sensibility’ was sufficient for coarse 
postural orientation. Working with sub- 
jects who had lost vestibular function, 
Birren (3) claimed that his results showed 
that postural control may exist independ- 
ently of visual and vestibular cues. 

In a survey of the experimental work 
of the determinants of the perceived 
vertical and horizontal, Gibson and 
Mowrer (7) set up the hypothesis: 
“That both the visual and the postural 
vertical are determined by visual factors 
and gravitational factors acting jointly, 
with orientation to gravity, however, as 
the more decisive factor in cases of real 
conflict between the two types of sensory 
data and the primary factor genetically.” 
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Following their survey of the evidence in 
favor of visual determinants and gravita- 
tional determinants they conclude that 
“gravitational (postural) factors are 
both logically and psychologically prior 
to visual factors in the determination of 
the perceived vertical. The framework 
of visual space is derived from and de- 
pendent upon the necessity of maintain- 
ing postural equilibrium against the pull 
of gravity.” 

Attempts have been made to describe 
the factors influencing the judgment of 
the visual vertical and_ horizontal. 
Jastrow (10) found that the individual 
could make very precise judgments of 
the visual vertical and visual horizontal, 
and believed it was due to the fact that 
in his common experience he is sur- 
rounded by verticals and_ horizontals. 
Koffka (11) believed that our precision 
in the perception of the visual vertical 
was due to the development of a visual 
spatial framework—an ‘anchorage in 
space.” From her experiments testing 
this hypothesis, Neal (12) inclined to the 
view that postural cues were at least as 
important as the visual spatial frame- 
work. A recent experiment reported 
by Asch and Witkin (2) is considered by 
these experimenters as providing “‘strik- 
ing evidence of the predominance of the 
visual framework over postural factors 
in perception of the upright.” 


We may except that the modifica- 
tion of either visual or gravitational 
cues, or both, will decrease the pre- 
cision of vertical and horizontal per- 
ception. The control of visual cues 
offers no experimental difficulties. 
The gravitational cues may be those 
arising in the non-auditory labyrinth 
(semicircular canals and otolith bodies) 
or those of the non-labyrinthine 
proprioceptive functions set off by 
the stresses and strains in the muscles 
and tendons and the cutaneous per- 
ceptions in the trunk and limbs. 
Variations in these cues are possible 
by anaesthetisation, excision, lesion, 
stimulation to the point of adapta- 
tion, suggestion, or by variation in 
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the muscle and cutaneous stresses and 
strains by modification of external 
and internal pressures. In 
vestigation, modification of muscle 
and cutaneous stresses and strains 
will be made by the use of padded 
and non-padded seats and a com- 
parison will be made of the judgments 
of the postural vertical under these 
conditions. 

Two hypotheses are introduced in 
this investigation: 

I. In the absence of visual cues, 
variations of the non-labyrinthine 
proprioceptive and cutaneous cues 
will result in variation of the precision 
of judgment of the postural vertical. 

II. The introduction of a false 
visual cue will modify the precision 
of the judgment of the postural verti- 
cal. 

The investigation attempts to de- 
termine: (a) The degree of precision 
with which the individual, under nor- 


this in- 


mal conditions, can judge the visual 
vertical and the visual horizontal; (b) 
the degree of precision with which the 
individual, under normal conditions, 


can judge the postural vertical. Us- 
ing these results as base lines, the 
investigation will then compare: 

1. The precision of judgment of the 
postural vertical in a sitting position 
under modified and non-modified som- 
esthetic conditions; 

2. The precision of judgment of 
the visual horizontal from a position 
of postural tilt; and 

3. The precision of judgment of 
the postural vertical in the presence 
of false visual cues. 


MeETHOD 


In pre-experimental ‘trials it was found that 
the precision of the postural vertical reflected 
the method used in its determination. It was 
therefore decided to use three methods: (1) 
The method of average error; (2) the method of 
serial exploration, and (3) the method of single 
stimulus. In each method conditions of ‘hard’ 
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and ‘soft’ seat will be used and a comparison 
made of both. 

Apparatus. The consists of a 
lateral tilt chair, control devices to regulate the 
chair, and recording 
degree of tilt. 

The lateral tilt chair is made of j-in. pine 
wood and braced with iron brackets. The di- 
mensions for the chair make possible the seating 
of subjects up to 200 lb. in weight. The head 
support is adjustable for height and for width. 
The S’s feet are maintained in position by means 
of strips of wood placed upon the foot rest. 
Push buttons controlling the direction of tilt are 
located on the arms of the chair. To tilt the 
chair to the right, S pushes the button on the 
right arm; to tilt it to the left, he pushes the 
button on the left arm. S’s arms are free to 
enable him to use the push buttons; his body 
and legs are strapped to the chair to enable him 
to maintain a position constant with respect to 
the chair as the latter is tilted. 

The chair is mounted on a welded metal 
framework by means of a cold steel turned shaft, 
37 in. above the floor. 


apparatus 


devices to indicate the 


The entire mounting 
was designed to support 350 lb. 
arrangement 


The mounting 


enables the chair to be turned 
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through 360° in a lateral plane, although in this 
investigation it was never tilted beyond go° from 
the vertical in either direction. The chair is 
moved in the lateral plane by means of a reversi- 
ble motor of the type used to change the pitch of 
propellers on large aircraft. The motor has a 
speed of 7000 r.p.m. and is so geared that the 
chair and the S move clockwise at 
counterclockwise at 0.35 r.p.m. 


5 r-p.m. and 
The movement 
of the chair is controlled by the S or the E at 
the discretion of the latter. 

Fitted to the chair is a removable framework 
of thin iron which is padded with sponge rubber. 
The S can be tested in a bare or padded chair at 
the discretion of the E. The padding is 3} in. 
in thickness on the seat and 2} in. in thickness on 
the sides, back, and foot rest. The head sup- 
port, in all trials, is also padded with 2$ in. of 
rubber on those surfaces which touch the sides 
of the S’s head and ? in. on the surface at the 
back of the head. The back of the head is 
supported to keep the S’s head tilted approxi- 
mately 20° in a forward position. 

The room in which the chair is located was 
light-proofed. It was possible to keep auditory 
stimuli under control although at no time was 
the room soundproof. 





Tulane lateral tilt chair 
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The E was located in a control room adjoining 
the chair room. The control and recording 
units were so constructed as to allow the E to 
(a) take control of the chair and move it either 
to the right or to the left; (b) give the S control 
of the chair; (c) determine the position of tilt 
of the chair at all times to the nearest quarter- 
degree, and (d) communicate with the S by 
two-way interoffice communication system. 

Quantitative determination of the degree of 
tilt of the chair is made possible by means of a 
selsyn motor arrangement. The master selsyn 
is attached by a gear ratio of 9:1 to the shaft 
connecting the chair and motor. This selsyn 
is connected in series with a slave selsyn located 
in the indicating unit in the control room. To 
this slave selsyn is attached a needle pointer by 
a ratio of g:1. Spirit levels were placed on the 
chair in the horizontal and vertical positions and 
checks were made on the selsyn pointer before 
and after each run. 

The target consists of two 8-in. parallel 
strings mounted on a dull black metal frame at a 
distance of one in. from each other, treated with 
luminous paint and illuminated by an ultra- 
violet lamp. ‘The target is 10 feet from S’s eye 
and 58 in. from the floor. This insures, for 
most Ss, that the center of the target is at eye 
level. To provide constancy of illumination at all 
times, the target is lighted by means of a “Glo- 
craft” ultra-violet light unit, Model No. 106. 
The unit is equipped with two ultra-violet light 
filters, Kopp No. 51, U.V., illuminated by a 
100-watt projector flood light. The light source 
is 34 in. from the target and strikes it at an angle 
of 30° above the horizontal. With pre-experi- 
mental testing, it was found that the very slight 
ultra-violet glow surrounding the target was of no 
cue value in the perception of the visual vertical. 
The target is moved either by S or E by means of 
selsyn motors. A control panel was calibrated 
to enable readings to be made to the nearest 
half degree. 

Subjects.—Two groups, each of five Ss, were 
used. They were college students between the 
ages of 20 and 27. All passed satisfactorily 
the ‘standing test’ suggested by Worchel and 
Dallenbach (14) as a rapid method of dis- 
criminating normal Ss from those with vestibu- 
lar dysfunction. The test consists of standing, 
with eyes closed, for at least 30 sec. on one foot 
and then on the other without overbalancing. 
Each S was given three trials on each foot. 


RESULTS 


I. Judgment of the postural vertical 


Three methods were used to deter- 
mine the judgment of the postural: 
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(a) Method I.—The first method 
consisted of tilting the S n° laterally 
from the vertical and then having him 
return the chair to his estimate of the 
true vertical, first under ‘hard’ and 
then under ‘soft’ seat conditions. 

Positions of tilt were from 5° to 
go® in each quadrant in steps of 5°. 
One trial was given in each position, 
making a total of 36 trials—18 in each 
quadrant. The quadrants and trial 
positions were arranged in random 
order. Before each trial position, the 
chair was moved 15° in the opposite 
quadrant and then brought to the 
trial position. This procedure and 
the fact of unequal speeds in clockwise 
and counterclockwise movement pre- 
cluded the possibility of the S ‘count- 
ing’ himself back to the true vertical. 
When the trial position was reached, 
E signaled the S and gave him control 
of the chair. S attempted to return 
to the true vertical and when he had 
made his judgment, signaled the # in 
the control booth. The S was allowed 
to swing himself to the right and to 
the left in making his judgment of the 
vertical. 

The differences between the means 
of the judgment on hard and soft 
seats, as given in Table I, are not 
statistically significant. It will be 
noted that in the results for four Ss 
out of five there is a statistically 
significant difference between the 
variability of the judgments of vertical 
on hard and soft seats. The table 
indicates the tendency of subjects to 
underestimate the vertical 
sign denotes underestimation). 

(b) Method II.—In the second 
method, the S was swept right and 
left across the vertical in the lateral 
plane and signaled the E when he 
crossed the vertical. His instructions 
were as follows: “This time I am 
going to sweep you from right to left 
and left to right and soon. You will 


(minus 
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TABLE I 


Means anv Stanparp Deviations oF Inop1- 
VIDUAL AND Group DeviaTIONs IN JUDGMENT 
OF THE PosTURAL VERTICAL OF Group | ror 
Conpitions or Harp anp Sort Seat, AND 
THE SIGNIFICANCE OF THE DIFFERENCES 
Between Tuese Two Conpitions. 

N = 36 For THE INDIVIDUAL 
ConDITIONS AND 180 FOR 
Eacu Group ConpitTIon 
(Minus sign denotes judgment in the 
direction of tilt.) 


Mean | Variability 


Subject 





Lp 


Soft | tm 
d 0.6 | 0.25 
B |—1.5 |—2.6| 0.30 
C |-0.7 |-0.9 | 0.05 
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not have control of the chair at any 
time. I want you to signal me with 
the buzzer at the exact moment you 
cross the vertical each time you cross 
a 

Each test consisted of 36 sweeps. 
S was taken from positions on the 
right to random positions on the left; 
the positions varying from 5° to go®° 
in both quadrants as in the first 
method. 

The mean judgments tend to be 
less precise by this method than by 
Method I. With one exception (Sub- 
ject B) the judgments show greater 
variability than by the use of Method 
I. For the group, the mean errors of 
judgments and the variability of 
errors of judgments are significantly 
greater (at the five percent level) for 
soft seat than for hard seat. All Ss 
tended to anticipate the vertical. 

(c) Method III—In this method 
the S was offset n° from the vertical, 
and required to state whether he was 
at vertical or to the right or to the 
left of vertical. 

The instructions were as follows: 
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“This time you will be placed in a 
position either at, or very close to, 
the vertical. Once there, take your 
time and tell me over the intercom 
whether you are at vertical or to the 
right or to the left of vertical. If you 
are positive that your answer is cor- 
rect, follow it with the word ‘certain’; 
if you are not sure, follow it with the 
word ‘uncertain.’”’ 

In the trials on hard seat, S was 
offset 0.5°, 1.0°, 1.5°, 2.0°, and 3.0° 
in each quadrant. Since the previous 
results indicated a greater variability 
of judgment on soft seat, the S was 
offset on soft seat at 1.0°, 2.0°, 3.0°, 
4.0°, 5.0°, and 6.0° in each quadrant. 
The procedure was to offset S very 
slowly from the vertical to the trial 
position. An attempt was made to 
move S by imperceptible steps to the 
trial position. Twelve trials were 
run in each position, the trial positions 
and the quadrants being randomized. 

In Table III the percentages of 
correct responses for each trial posi- 
tion are tabulated. By “percentage 
of correct responses” is meant those 
in which the S was both certain and 
correct. | 


TABLE II 


TABLE oF MEANS AND STANDARD DEVIATIONS OF 
InpIVIDUAL AND Group Deviations 1n Jupc- 
MENT OF THE PostTuRAL VERTICAL oF Group 
I py THE “Sweep” Metuop ror Conpi- 
tions oF “Harp” anp “Sort” SEAT, AND 
THE SIGNIFICANCE OF THE DIFFERENCES 
Between Tuese Two ConpiTions 





Mean Variability 


Subject 








Hard | Soft 





Hard | Soft 
} 


—1.9 |—6.0 
— 3.3 |— 6.4 
—4.0 |—4.8 
—0.8 |+0.3 
—1.8 |—2.9 
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TABLE III 


PercentaGe TABULATION oF Certain-Correct Responses ror Eacu Ancutar Deviation 
in THE Metuop or Stncie Stimutt ror “Harp” anp “Sort” Seat ror Group | 
N = 60 for individual positions and 720 for the total. 


Results on Hard Seat 


Deviation in Degrees 


Left Quadrant | Right Quadrant 





! 
| 3.0 | 25 | 2.0 





Percent Certain-Correct 


j j -— 
0.5 | 1.0 | 


1.5 2.0 | 2 


100 | 87 | 63 | 47 


Results on Soft Seat 


Left Quadrant 


Deviation in Degrees 








Percent Certain-Correct 


IT. Judgment of the visual vertical and 
horizontal 


For no reason other than experi- 
mental convenience, five new Ss par- 
ticipated in the following trials. 
They were college students between 
the ages of 21 and 27, and all satisfied 
the clinical test for vestibular function 
(14). 

The tilt chair and target were set 
up in a dark room. Because of the 
low intensity of light on the target, 
S was dark-adapted for a period of 
10 min. The S’s head was clamped 
in the headrest in a vertical position 
throughout the experiment. The tar- 
get was moved by E to positions of 
tilt varying from 6° to 15° in the right 
and left quadrants. Positions were 
chosen in random order. Each posi- 
tion was set twice and a total of 40 
determinations was made by each S. 
The problem was to return the target 
to the true vertical. 

Following the visual vertical deter- 
mination S was given a three-min. 
rest period and then asked to make 
judgments of the visual horizontal. 
The angles of tilt used for the return 
to the horizontal were the same as 


those used in the vertical determina- 
tions, but this time were either above 
or below the true horizontal. The 
problem was to return the target to 
the true horizontal. The results are 
shown in Table IV. 

From the table it will be seen that 
the mean errors of judgment of the 
visual vertical and visual horizontal 
are less than 1° for each S and that 
there is no significant difference be- 
tween the errors of judgment of the 


TABLE IV 


Mean Errors AND VARIABILITY IN THE JUDG- 
MENTS OF ViIsUAL VERTICAL AND HorizonTAL 
AND THE SIGNIFICANCES OF DIFFERENCES 
ror Group Il 


(Minus values indicate underestimations 
of the vertical and horizontal.) 





| Mean Error | Variability 





oss 
| 

Ver- | Hori | 

tical | zontal | ‘¢ 


Subject | | 
Hori- | 
zontal 


Ver- 
tical 





0.2°| 0.1 


Mean 0.3°| 0.4°| 0.10 | 
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visual vertical and the visual hori- 
zontal. The results of two Ss indicate 
increased variability in the judgment 
of the horizontal as compared with the 
vertical, these differences being sig- 
nificant at the 0.05 level. 


III. Judgment of the visual horizontal 
from positions of somesthetic tilt and 
judgment of postural vertical using 
false visual cues 


In this part of the investigation, 
both target and chair were moved to 
the same positions of tilt. Remaining 
in this position, S was required (a) to 
move the target to the true horizontal, 
and then (b) to return himself to the 
true vertical. Positions of tilt from 
5° to go° in steps of 5° were used in 
each quadrant. One determination 
was made at each position in each 
quadrant; a total of 36 determina- 
tions. The trial positions were in 
random order. 

The visual cue used by S to return 
himself to the postural vertical was 
the setting of the horizontal target 
made by him from the position of tilt. 
In the tabulation of results it was 
decided to use only those determina- 
tions where the error in the S’s hori- 
zontal setting was greater than his 
variable error in judging the visual 
horizontal from the upright sitting 
position. An examination of the raw 
data showed that two judgments of 
Subject A and four judgments of 
Subject E were less than the variable 
error. All other judgments of the 
visual horizontal made at positions of 
tilt exceeded the variable error of the 
judgments of the vertical horizontal 
made in the upright sitting position. 

The results in Table V_ indicate 
significantly greater errors and vari- 
ability when the Ss make their judg- 
ments of visual horizontal under 
conditions of tilt. 

In the second part of the problem, 
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TABLE V 
Mean Errors ANpd VARIABILITY IN THE JUDG- 
MENT OF THE VisuAL HorizonTAL ror Group 
Il WuHen Mave rrom tHe True VERTICAL 
AND FROM Positions or Titt UnpER 
Conpitions or Sorr Seat 
Mean Error Variability 


Subject 


= 


Vertical) Tilt 


twN Nw Nh 

Meh hs 
Nw NN ON OW 
NNN NOW 


—NIw wu 


Mean 


S was required to return himself to 
the postural vertical, making what 
use he cared to of his own setting of 
the visual horizontal. It is to be 


noted that his setting of the visual 
horizontal was not moved while he 
made his judgment of the postural 
vertical. The results are given in 


Table VI. 

It will be seen that the mean errors 
and the variability in Group II do not 
differ significantly under conditions 
of no visual cues and false visual cues. 
It must be admitted, however, that 
the false visual cue—a pair of parallel 
lines eight in. long and one in. apart 


TABLE VI 
Mean Errors AND VARIABILITY OF JuUDG- 
MENT OF THE PosTuRAL VERTICAL OF GROUP 
Il Unper Conpitions or No VisuaL 
Cves anv Fatse Visuat Cues 


“an Error Variability 
Subject 

False 

Cues 


1.9 
2.1 
0.6 
1.9 
0.5 | 0.60 


Mean 
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at a very low level of visual intensity 

is not very striking. It does not 
resemble the ‘visual framework’ re- 
quired by Koffka and others for their 
visual theory of postural judgment. 
Moreover, it is difficult to estimate the 
use made by S of the visual cue. At 
the end of a number of trials, Ss re- 
marked that as they were returning 
themselves to the vertical, they 
reached a point where they realized 
that they had made an error in the 
setting of the visual horizontal. Un- 
der these circumstances it might be 
assumed that the false visual cue was 
discarded and that S relied entirely 
upon postural cues for his judgment of 
verticality. Until more critical condi- 
tions are set up, it is not possible to 
estimate the influence which false 
visual cues have upon the perform- 
ance of this task. 


Discussion 


From Table I it may be seen that 
the mean errors of judgment of the 
postural vertical for hard and soft 
seats are not significantly different 
and are of the order of 1°. It would 
appear from these results that indi- 
viduals are able to form precise judg- 
ments of verticality, and are able to 
return themselves to a vertical posi- 
tion from positions of tilt with a high 
degree of accuracy. This viewpoint 
has to be modified, however, in the 
light of Table II. This table gives 
the mean errors of judgment when the 
subject is swinging from right quad- 
rant to left quadrant, and has to make 
a quick judgment of verticality while 
the chair is in motion. By this 
method, the differences in the mean 
errors of the judgment of postural 
vertical on hard and soft seat were 
statistically significant, the judgment 
on hard seat being the more precise. 

In pre-experimental trials, it was 
noted that while the Ss were certain 


of their judgments of tilt at positions 
markedly deviating from the vertical, 
say at 45° or 20°, there was much un- 
certainty as the chair approached the 
vertical. This experience was com- 
mented on by all Ss in the experi- 
mental trials, and was checked by the 
time used by the Ss in Method I in 
coming to their decisions. Some Ss 
indicated that their uncertainty was 
occasionally so great that the ex- 
pressed judgment was merely a guess. 

The judgments of all Ss tended to 
conform to a normal distribution. 
There was a slight degree of skewness 
indicating the tendency to under- 
estimate the vertical. Tilt beyond 
a certain angle was perceived defi- 
nitely as tilt. Only as S approached 
the gravitational vertical did he ex- 


perience uncertainty in his judgments. 
The uncertainty was most marked in 
an area bounded by a few degrees on 
each side of his perceived vertical. 


It is suggested that since the uncer- 
tainty of judgment increases as the 
vertical is approached, an ‘arc of un- 
certainty’ may be described in terms 
of the normal distribution of the S’s 
judgments. It is proposed to define 
arbitrarily the arc of uncertainty (U°) 
as that area including the middle 75 
percent of S’s judgments. In each 
case, this will be calculated from the 
standard deviation of the distribution 
of his judgments (U° = 1.150 X 2). 

The mean value of the arc of un- 
certainty (U°) for five Ss in Group I 
by each method and under conditions 
of hard and soft seat are shown in 
Table VII. It will be seen that for 
the group the arc of uncertainty is 
much greater for soft seat than for 
hard seat. 

In Table III are shown the percent- 
ages (based upon 60 trials in each 
angular position) of correct responses 
in each angular position. It will be 
noted that up to 3° for hard seat and 
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TABLE VII 


Summary oF Mean Vatues or U® on 
Harp anv Sort Seat ror Group I 
Usinc Dirrerent Metuops 


Method | Hardl Soft 





Method I 

Method II 

Method III 
(a) 75 percent correct responses 
(b) Middle 75 percent of responses 





6° for soft seat the percentage of cor- 
rect responses increases as the angle of 
tilt increases. By interpolation on a 
smoothed curve it will be seen that 
75 percent correct responses are given 
on hard seat at 2.3° L and at 2.1° R, 
making U° = 4.4°. By this method, 
U® for soft seat equals 10.3° (5.1° L 
+ 5.2° R). Calculating the percent- 
age based upon total responses, it was 
found that the middle 75 percent of 
responses for hard seat gave U° = 
3.4°, and for soft seat, U° = 6.4°. 
Under the conditions of this experi- 
ment it has been shown that while the 
differences in the mean judgments of 
the postural vertical under modified 
and non-modified somesthetic condi- 
tions are not significantly different, 
there is a trend towards greater error 
under modified conditions. More- 
over, the variability under modified 
conditions is significant. The former 
value has been most frequently re- 
ported in the literature, but the 
authors of this study believe the 
latter to be a more useful mathema- 
tical description of the precision of 
judgment. For the group, it will be 
seen (Table I) that the standard devi- 
ation is more than twice the mean for 
hard seat, and more than three times 
the mean for soft seat. It would 
appear that once S has entered the arc 
of uncertainty, the position at which 
he stops the chair is largely a matter 
of chance. It is also apparent that in 


each method of measurement, the 
variability is significantly greater 
under soft seat than under hard seat 
conditions. The results, therefore, 
support the hypothesis that in the 
absence of visual cues the modifica- 
tion of non-labyrinthine propriocep- 
tive cues results in a decrease of the 
precision of judgment of the postural 
vertical. 

It is important to note the marked 
tendency for errors of judgment to 
fall in the direction of lateral tilt. 
This possibility was not considered 
when the experiment was designed, 
for it was believed to be essentially 
an investigation of the modification 
of non-labyrinthine cues. In view of 
this tendency, however, there is more 
than a possibility that adaptation to 
the position of tilt is a factor in the 
judgment of the postural vertical. 
It is possible that such adaptation 
may be derived from the kinesthetic- 
cutaneous indicators, or that it may 
involve vertibular function. Investi- 
gations of these possibilities are now 
in progress. 

The mean errors of judgment of the 
visual vertical and the visual hori- 
zontal are less than 1°. Both the 
mean and the variability of judgment 
are greater when judgments are made 
from positions of angular tilt than 
when made from the postural vertical 
(Table V). When, however, a false 
horizontal target is presented it does 
not appear to increase the error in the 
judgment of the postural vertical. 
When visual and postural cues con- 
flict, the postural cues appear to be 
the more decisive in the judgment of 
the postural vertical. It has been 
pointed out that the false visual cue 
in this investigation can hardly be 
compared with the ‘visual frame of 
reference’ adopted by Kohler. It is, 
however, not out of line with the in- 
strumental horizontal upon which the 
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pilot depends under conditions of 
night flying and overcast. 


SUMMARY 


1. The precision of judgment of the 
postural vertical from lateral tilt 
positions in the absence of visual cues 
is of the order of 0.8° with a standard 
deviation of 1.1°. 

2. The precision of judgment is 
significantly decreased when the non- 
labyrinthine proprioceptive cues are 
modified by the introduction of a well 
padded seat. 

3. There is a marked tendency for 
the mean error of judgment to be in 
the direction of lateral tilt. 

4. The precision of the judgment of 
the visual vertical when the individual 
is seated in a vertical position is of the 
order of 0.3° with a standard deviation 
of 2.6°; of the visual horizontal, of 
the order of 0.4° with a standard 
deviation of 2.9°. 

5. These values are significantly 
increased when the judgment is made 
in a position of lateral tilt. 

6. The visual target, when placed in 
positions deviating not more than 15° 
from the horizontal, does not sig- 
nificantly affect the judgment of the 
postural vertical. 


(Manuscript received October 22, 1948) 
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THE APPARENT LENGTH OF TILTED LINES 


BY WALTER C. SHIPLEY, BARBARA M. NANN, AND MARY JANE PENFIELD 


Wheaton College, Norton, Massachusetts 


This experiment sought an answer 
to the question: as the angle of an 
oblique line is systematically varied 
from the near-horizontal to the near- 
vertical, is there any consistent change 
in its apparent length? From the 
facts of the horizontal-vertical illu- 
sion! it might be predicted that ap- 
parent length would increase as the 
angle approaches the vertical, per- 
haps even proportionately with the 
vertical component.. The  experi- 
ment, using the method of paired 
comparisons, was designed to test 
this prediction. 


SuBjects, APPARATUS, 
AND PROCEDURE 
Subjects —The Ss were 48 women college 
students. 


d 1pparatu a 
black lines 


~The apparatus consisted of two 
3 by } in. cardboard strips—cen- 
tered on small, rotatable white-cardboard discs, 
mounted symmetrically on a larger one, as shown 
in Fig. 1. The smaller discs, which were 6} in. 
in diameter, were spaced } in. from the edge of 
the larger, 123 in. disc, and } in. from each other. 
The apparatus was mounted vertically, one in. 
above the edge of a table 30 in. high and 30 in. 
wide, in such a way that none of the supporting 
rods and clamps were visible. S sat seven ft. 
from the apparatus, which she viewed across the 
table. Illumination provided by two 
shaded 60-watt bulbs, one above, and the other 
to the right of the apparatus. 


was 


The bulbs, only 
one of which was turned on at any given time, 
were located 8 in. in front of, and 12 in. radially 
from the center of the large disc. 
Procedure.—Seven ditferent angles of line, 
differing by 15-degree steps, were used. The 
angles can be thought of conveniently as diam- 
eters on the face of a clock, ranging by half-hour 
steps from 3:00 o'clock (horizontal) through 
6:00 o'clock (vertical), as shown in the circular 
insets in Fig. 2. Each angle was compared 
equally often with each of the others by means 


! For a recent discussion and bibliography of 
this illusion see Finger and Spelt (1). 


of the method of paired comparisons. In each 
comparison S simply indicated the line which 
appeared longer, forcing a judgment when in 
doubt. <A small screen was placed between S 
and the apparatus while the angles were being 
changed. 

Each S was given four series of 21 compari- 
sons, with the lines side-by-side in two of the 
series, and one-above-the-other in the remaining 
two. As a precaution against inequality in the 
actual lines, a given line was presented equally 
often in each of the four positions—right, left, 
top, and bottom—and as a precaution against 
shadows, the light-source was maintained equally 
often from above and from the side. 
cautionary 


These pre- 
were each distributed 
equally for any given S, and rotated among Ss. 
In addition, eight serial orders of presentation = 
four of them the reverse of the other four—were 
distributed among the Ss. 


measures 


RESULTS 

Each S judged the seven angles four 
different times in comparison with 
each of the remaining six, making 24 
judgments for each angle and 84 
judgments in all. Thus, the 48 Ss 
yielded a total of 4032 judgments, 
1152 involving each angle. 

The general relationship between 
angle of tilt and apparent length of 
line is given in Table I, which shows 
for each angle the mean number of 
times that the line was judged longer. 


TABLE I 


Mean NumBer oF ‘LONGER’ JUDGMENTS 
FoR Eacu ANGLE 


Mean Judg- 
ments ot 
Longer 


Angle 


:00 o'clock 
:30 o'clock 
00 o'clock 
:30 o'clock 
:00 o'clock 
:30 o'clock 
:00 o'clock 


Wu de ee rw 
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TABLE II 


Tue t-Va.ues ror Dirrerences BETWEEN 
Mean ‘Loncer’ JUDGMENTS FOR 
PERTINENT NON-ADJACENT ANGLES 


| Mean Differ- 


Angles Compared 
:00 and 6:00 
:30 and 6:00 
:00 and 6:00 
:30 and 5:30 


(Had all angles produced phenomenal 
equality the expected mean would be 
12.00 for each.) These data are pre- 
sented graphically in Fig. 2, which 
also shows t-values for differences 
between adjacent angles. Additional 
t-values for differences between per- 
tinent non-adjacent angles are given 
in Table II. All t-values were ob- 
tained by the method of direct differ- 
ences. Values greater than 2.68 are 
significant at the .o1 level, and those 
greater than 2.00, at the .o5 level. 
From Fig. 2, considered in conjunc- 
tion with Tables I and II, it will be 
seen (1) that all of the tilted lines are 
phenomenally greater, on the average, 
than the horizontal, (2) that ap- 
parent length increases progressively 
from the horizontal to the angle rep- 
resented by 5:00 o'clock, and (3) that 


A 
Fac. 1. 


Drawings of the apparatus for comparing angles of tilt. 
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two of the angles, 5:00 and 5:30, give 
rise to apparent length significantly 
greater than that produced by the 
vertical. This last point is further 
supported by an analysis of those 
comparisons involving only these two 
angles, respectively, and the vertical. 
The 5:00 o’clock—6:00 o’clock com- 
parison yielded a mean of 2.42 judg- 
ments favoring 5:00 o’clock, and only 
1.58 favoring 6:00 o’clock, and the 
5:30-6:00 o’clock comparison, a mean 
of 2.56 favoring 5:30 and only 1.44 
favoring 6:00. The mean difference 
of 0.84 in the former comparison is 
significant at the .o5 level, and that of 
1.12 in the latter, at the .o1 level. 


Discussion 


The experiment was directed to- 
ward testing the prediction that the 
apparent length of a tilted line in- 
creases with its vertical component. 
The facts, however, showed the hy- 
pothesis to be inadequate, since cer- 
tain of the tilted lines appeared 
longer than the vertical. In the pres- 
ent experiment the maximum coin- 
cided with the 5:00 o’clock angle, but 
since only a few angles were sampled, 
and certain of the obtained differences 

particularly that between 5:00 and 


A shows the two comparison 


lines in the side-by-side arrangement, and B, in the top-bottom arrangement. 
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3:00 3330 4:00 


Fic. 2. 


4:30 


Mean number of ‘longer’ judgments for each angle of tilt. 
cated above the columns, and angles of tilt, below and in the inserts. 


17.06 


5:00 5:30 6:00 
Mean judgments are indi- 


The t-values for mean differ- 


ences between adjacent angles are shown between columns; values greater than 2.68 are significant 
at the .o1 level, and those greater than 2.00, at the .05 level. 


5:30—were not statistically signifi- 
cant, it can only be concluded that the 
‘true’ maximum falls somewhere be- 
tween 4:30 and 6:00. The fact that, 
as the angle is varied from the horizon- 
tal toward the vertical, the line pro- 
gressively increases in apparent length 
up to some point in the region of 5:00 
o’clock and then decreases, would sug- 
gest that two factors are combining to 
produce the effect, namely, (1) the 
vertical component, and (2) the devi- 
ation of the angle from the nearest 


major axis, i.e., either the horizontal 
or the vertical. 

The finding that maximal phenom- 
enal length occurs in the region of 
the 5:00 o'clock angle should be inter- 
preted with the following in mind. 
(1) It holds only for group averages; 
13 of the 48 Ss showed a maximum 
at 6:00, and one, at 3:00. (2) The 
phenomenal length of the oblique, 
when taken at its maximum, exceeds 
that of the vertical by only a fraction 
of the amount that the phenomenal 
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length of the vertical exceeds that of 
the horizontal (the horizontal-vertical 
illusion). (3) The finding may prove 
to be of limited generality, being de- 
pendent upon a number of factors, 
such as length and relative width of 
line. 
SUMMARY 


Forty-eight Ss judged seven differ- 
ent angles of line for apparent length, 
using the method of paired compari- 
sons. The angles, regarded in terms 
of the face of a clock, ranged by half- 
hour steps from 3:00 o’clock through 
6:00 o’clock. Mean judgments 


showed the apparent length of line to 
increase progressively from the hori- 
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zontal (3:00 o’clock) to the angle 
represented by 5:00 o’clock, and then 
to decrease to the vertical. The oc- 
currence of maximal phenomenal 
length in the region of 5:00 o'clock 
suggests the joint operation of two 
illusory factors: (1) the vertical com- 
ponent and (2) the deviation of the 
angle from the nearest major axis 
(i.e., either horizontal or vertical). 


(Manuscript received August 24, 1948) 
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THE RELATIVE DIFFICULTY OF THE NUMBER, FORM, 
AND COLOR CONCEPTS OF A WEIGL-TYPE PROBLEM! 


BY DAVID A. GRANT, OMER R. JONES, AND BILLIE TALLANTIS 


University of Wisconsin 


The purpose of this investigation 
was to determine the relative difficulty 
of the three sorting caregories, color, 
number, and form, of the Wisconsin 
Card Sorting Test (1,3). An attempt 
was also made to determine some of 
the characteristics of the abstraction 
process which brought about the ob- 
tained differences in difficulty. 

The Wisconsin Card Sorting Test 
combines features of the Weigl (17) 
and the Vigotsky (4, 5, 16) tests with 
certain principles derived from the 
experiments of Harlow and his co- 
workers on brain-damaged monkeys 
(14,18). The objective quantitative 
scoring of different aspects of per- 
formance on this test permit consider- 
able analysis of the Ss’ responses. 

The relative difficulty of form, color, 
and number concepts? has been stud- 
ied by Heidbreder (6, 7, 8, 9, 10, 11) in 
the ‘concept-formation’ situation and 
also in the card-sorting situation 
(12, 13). Her general hypothesis, 
although formulated in terms of 
‘concept attainment,’ might well be 
expected to apply in the Weigl type 
of abstraction problem. From Heid- 
breder’s hypothesis and experiments, 
it might be predicted that the form 
category of the Wisconsin Card Sort- 
ing Test would be easiest, that the 


1This study was supported in part by the 
Graduate Research Committee of the University 
of Wisconsin from special funds voted by the 
State Legislature for 1947-48. The hospitality 
of the Department of Psychology of North- 
western University facilitated final preparation 
of the manuscript during the summer of 1948. 

2The term ‘concepts’ will be used only in 
Heidbreder’s sense (6, p. 10), namely, as denoting 
a logical construct without reference to the 
behavior of an experimental subject. 


number category would be most 


difficult, and that the color category 
would be intermediate in difficulty. 


PROCEDURE 


General Procedure——The general procedure 
for the WCST has been described (1, 3). Briefly 
stated, there are 64 response cards, each contain- 
ing from one to four figures of a single color. 
There were four colors, red, green, yellow, and 
blue, and four figures: stars, crosses, triangles, 
and circles: Thus each card could be sorted ac- 
cording to color, or form, or number of the figures. 
In the test situation a gray board with four 
double compartments was placed before the S. 
Four stimulus cards, one red triangle, two green 
stars, three yellow crosses, and four blue circles, 
were placed from left to right in the upper halves 
of the four double compartments. The S was 
then asked to sort the 64 response cards into the 
four compartments under the stimulus cards. 
The S was informed that he would be told each 
time whether he had been ‘right’ or ‘wrong’ in 
the way he sorted. These were the only in- 
structions. |Initially the category color was 
arbitrarily called correct, but after the S had 
sorted 10 consecutive cards correctly according 
to color, the E shifted the correct category to 
form. The S had no cue for the shift other 
than £’s statements of ‘right’ or ‘wrong’ as each 
card was sorted. After 10 correct form re- 
sponses, the correct category was shifted to 
number, and then back to color, then to form, 
and finally back to number again. 

Experimental Design.—In the standard pro- 
cedure above, the correct categories are suc- 
cessively color, form, number, color, form, number. 
There are, however, 24 such arrangements in 
which one category does not appear twice in 
succession or before all other categories have ap- 
peared. In this experiment all 24 of these se- 
quences were used. Four Ss were run through 
each sequence, making 96 Ss in all who com- 
pleted the experiment. The performance on 
each category could thus be evaluated independ- 
ent of ordinal effects of practice and transfer. 

The Ss were men and women students who 
volunteered from classes in elementary psy- 
chology at the University of Wisconsin during 
the summer of 1947. 
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RESULTS 


Each S’s sorting responses on each 
successive category were scored in 
terms of: (a) total errors; (b) per- 
severative errors; (c) non-persevera- 
tive errors; and (d) cotal correct 
responses. A perseverative error was 
scored for each card incorrectly sorted 
according to the category just previ- 
ously counted correct. A non-per- 
severative error was any error which 
could not be classified as a persevera- 
tive error. . The total correct on each 
successive category consisted of the 
number of cards sorted correctly 
including the last 10 ‘criterion’ cards. 

The total errors, perseverative er- 
rors, non-perseverative errors, total 
correct responses, and the persevera- 
tive errors on following categories are 
given in Table I for each of the six 
successive sorting categories of the 
experiment. Each score represents 
It will be noted 
that, in general, all the error scores 


the total for 32 Ss. 
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decrease after the second sorting, 
while the total correct remains more 
or less constant throughout the ex- 
periment, decreasing only slightly. 
Thus, the increased efficiency with 
which the S attacks the test consists 
primarily of the elimination of per- 
severative and non-perseverative er- 
rors and secondarily of the greater 
efficiency in actual acquisition of cor- 
rect modes of response. 

The largest number of total errors 


“was made on the color category, and 


the least number of total errors was 
made on the number category. The 
analysis of variance (2,15) of total 
error scores, however, failed to reveal 
a significant difference between color, 
form, and number categories. This 
analysis is summarized in column A 
of Table II. 

A summary of the analysis of vari- 
ance tests is given in Table II for each 
of the five scores considered in the 
experiment. Only the F-ratios are 


TABLE I 


Totat Errors, PerseveraTIVE Errors, NoN-PERSEVERATIVE Errors, ToTAL 
Correct, AND PERSEVERATIVE Errors, ON FoLttowinc Catecory Scores 
FOR THE NumsBer, Form, anp Coton Concepts or THE WCST 








Sorting 


Successive Sorting Categories 





Category 


Ill 





Number 
Form 


Color 


. Total Errors 


192 
252 
297 








Number 
Form 
Color 


. Perseverative 
Errors 


104 
148 
176 





Number 
Form 


Color 


. Non-perseverative 
Errors 


88 
104 





Number 
Form 


Color 


. Total Correct 
Responses 





Number 
Form 


Color 


. Perseverative Er- 
rors on Following 
Category 
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TABLE II 


Summaries oF ANALYSES OF VARIANCE FoR ToTAL Errors, PersevERATIVE Errors, 
NoN-PERSEVERATIVE Errors, Tota. Correct RESPONSES, AND PERSEVERATIVE 
Errors, on Fottowinc Sortinc CaTEGory 








F-ratios 





Source of Variation 


A. Total 
Error Scores 


B. Perse- 
verative 
Errors 


C. Non- 
Persever- 
ative Errors 


D. Total 


sponses 


Correct Re- 


E. Perse- 
verative 
Errors on 
Following 


Category 





(1) Sorting category 

(2) Initial-final sorting 

(3) Initial-final X category 
(4) Sorting order (1-6) 

(5) Sequences 

(6) Pooled error term 

(7) Individuals within 


sequences 

(8) Error (Individuals within 
sequences X other 
factors) ‘ 


2.91 
8.72** 

1/6.76 
9.26*** 
235" 
1.15 


3.06°** 








(61.13) 





2.53 
300°" 

1/5.99 
22.03*** 
3.95°°* 

1/1.01 


4-55° 
1/1.38 
1/1.46 
11.28** 
ia 
1.22 


4.26°°° a 








(18.74) (25.93) 








Numbers in parentheses are error mean squares. 


* Significant at 5% level. 


** Significant at 1% level. 
*** Significant at 0.1% level. 


presented, except that the error mean 
square appears in parentheses at the 
foot of each column (Row 8). These 
error mean squares are the denomina- 
tors for the F’s. The breakdown of 
the analyses is fairly complex and 
merits a word of explanation. In row 
I are given the F’s for variation be- 
tween sorting categories, the crucial 
test for this experiment. In row 2, 
the variation tested is that between 
the first and second occurrence of the 
categories; i.e., the difference be- 
tween the first three successive sorting 
categories and the second three sorting 
categories, Row 2, involves a learning 
or transfer effect. In row 3 are 
evaluated the interactions between the 
row I and row 2 factors. No inter- 
action was apparent for any score. 
Row 4 contains the tests for order of 
the six successive sorting categories 
minus the variation evaluated in row 
2. Significant sorting order variation 
may be interpreted as general learn- 


ing or transfer from one concept to 


another. Row 5 evaluates the vari- 
ation between the 24 sequences or 
arrangements. (Without exception 
the variation between sequences could 
be accounted for in terms of the vari- 
ation between Ss within sequences, as 
is shown by the fact that the Row 5 
entries are uniformly of the same 
order of magnitude as the row 7 
entries.) Row 6 contains the F’s for 
the variance estimate, which is a sort 
of pooled error term from the 24 row 
by 6 column table formed by the data 
summarized for the 24 sequences. 
By theory, since a complete set of 
permutations was used, this should 
give a ‘pure’ error estimate, and for 
each score this seems to be true, since 
none of the F’s in Row 6 is significant. 
Row 7 gives the F’s for consistent in- 
dividual variation within the 24 se- 
quences. High significance in each 
instance attests to the reliability of 
the scores. Row 8 gives the actual 
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error estimates used. They are made 
up of variation remaining after the 
Variation attributable to the factors 
from rows I to 7 has been removed. 

In section B of Table I it is shown 
how the perseverative errors decrease 
through the successive sorting cate- 
gories. There are uniformly more 
perseverative errors while the Ss try 
to solve the color category, but the 
analysis in column B of Table II shows 
that this difference is not significant. 

Again on non-perseverative errors 
the color category appears to be more 
difficult and the number category is 
easiest in Table I, but these differ- 
ences do not stand up in the analysis 
of variance of Table II. 

The total correct responses (Section 
D of Table I), indicating the number 
of reinforcements or reminders needed 
to confirm or establish a consistent 
response, are greatest for the color 
category and least for the number 
category, again indicating the greater 
ease of learning to sort for number. 
This difference stands up in the 
analysis of variance (Column D, 
Table II), although it is significant 
at only the five percent level. 

The perseverative errors on the fol- 
lowing category are presented in 
section E of Table I. This score 
shows the degree to which each sort- 
ing category or concept perseverates 
at all stages of the experiment. (In 
contrast, the perseverative error score 
of Section B shows how much per- 
severation hampers the learning of a 
given response.). In Table I it is 
clear that the number response per- 
severates more than the other re- 
sponses. The color response shows 
the least perseveration. The differ- 
ences between concepts in degree of 
perseveration are significant at the 
five percent level, as is shown by the 


F of 3.91 in column E of Table II. 
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Discussion 


The results of this experiment 
showed that the Ss were able to sort 
selectively for number most easily 
and for form next most easily while 
sorting selectively for color was most 
difficult. The only scores on which 
the differences between sorting cate- 
gories were statistically significant, 
however, were the total correct re- 
sponses and the perseverative errors 
on the succeeding category. In other 
words, it required less reinforcement 
to acquire the number-sorting re- 
sponse and, once learned, the response 
of sorting for number tended to per- 
severate more than the form and 
color sorting responses. 

The relative ease of acquisition of 
the number sorting response can thus 
be described in terms of two factors 
which were operating. First, it re- 
quired less reinforcement or confirma- 


tion to establish the response, and 


secondly, perseveration of number 
sorting, being greater than that for 
form and color sorting, would inter- 
fere relatively more with the establish- 
ment of those responses than per- 
severation from form and color would 
interfere with number sorting. 

The findings of this experiment 
seem to disagree with those of Heid- 
breder (6,7, 8,9, 10,11), but Heid- 
breder has shown that there are obvi- 
ous reasons why this disagreement 
may be only superficial (12, 13)? 
The form, color, and number concepts 
used are not the same as those of 
Heidbreder, and the S’s task is not 
the same. The ways in which the 
concepts and tasks varied can be 
specified in greater detail. 

The most obvious differences be- 
tween the present concepts and those 
of Heidbreder lie in the number con- 


* Including a personal communication to the 
present authors, 
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cepts. The WCST number concepts 
are more restricted than Heidbreder’s 
numberconcepts. Furthermore, they 
involve form or configurational as- 
pects. The ‘number’ one consisted of 
a single figure always centered; two 
consisted of two figures, one in the 
upper left-hand corner and the other 
in the lower right-hand corner; three 
consisted of three figures forming an 
inverted equilateral triangle; and four 
consisted of four figures forming a 
square. Thus, Ss could sort accord- 
ing to configuration rather than num- 
ber, and verbal reports indicated that 
some of them did. Another fact, 
also, the arrangement of stimulus 
cards in conventional order, one, two, 
three, and four, from left to right 
across the board, would tend to make 
the WCST number concepts easier 
than those of Heidbreder. In her 
terms, the WCST number concepts 
are more perceptually accessible than 
hers. Research is currently being 
carried out to clarify the number- 
sorting behavior of Ss in the WCST 
situation. 

The differences between the task 
facing Heidbreder’s concept-forma- 
tion Ss and the task facing the card- 
sorting Ss, in her later experiments, 
have been pointed out (12, 13). It 
should be added that in the WCST 
each sorting category is learned sep- 
arately, and the S must spontaneously 
shift his mode of response after each 
category is learned. In Heidbreder’s 
concept-formation experiments the 
different modes of response are built 
up simultaneously, and the shifts 
occur on each response. It is quite 
possible that the WCST accentuates 
difficulties due to perseveration, and 
if, as appears likely, the number re- 
sponses are perseverated more than 
the form or color responses, the differ- 
ence in findings may arise in part from 
that fact. 
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It is not claimed that the present 
findings are in conflict with Heid- 
breder’s hypotheses. In fact, it is 
predicted that current research on the 
WCST situation will tend to confirm 
her hypotheses. In this respect her 


theory has served the Wisconsin re- 
search program as a basic tool to 
analyze our concepts and to clarify 
them. Such frames of references are 
greatly needed in this area. where 
researchers must still lift themselves 
by their own boot-straps. 


(Manuscript received August 31, 1948) 
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INVOLUNTARY BLINK RATE AND ILLUMINATION 
INTENSITY IN VISUAL WORK * 


BY MILES A. TINKER 


University of Minnesota 


It is desirable to evaluate the tech- 
niques of measurement that are em- 
ployed in studying the influence of 
changes in illumination intensity on 
ease of seeing. One of the techniques 
much used for this purpose is rate of 
involuntary blinking. The purpose 
of the present study is to measure 
blink rate while doing normal read- 
ing under a very low and under a 
relatively high level of illumination 
intensity. 


PROCEDURE 


The specifications of Luckiesh, Guth, and 
Eastman (1) and of Luckiesh and Moss (3, pp. 
102 ff.) for use of the blink technique were fol- 
lowed in detail. The material to be read was a 
section of H. G. Wells’ Outline of History, which 
was used by Luckiesh and his co-workers in most 
of their work. This material is of uniform 
interest and of low and uniform emotional value. 
The book is printed in 10-point type with two- 
point leading in a 23-pica line width on a good 
quality rough surface near white paper. 

The experiment was carried out in a light 
laboratory which provides well diffused illumina- 
tion at various intensity levels. Forty-two 
university students with normal or adequately 
corrected vision served as readers for two experi- 
mental sessions of one hour each. The reading 
material (book) was placed upon an inclined 
stand at the normal reading distance from the 
subject, i.e., about 14 in. The side wall, 
painted with a flat cream tint with a reflection 
factor of about 55 percent, served as a back- 
ground. This wall was about 10 feet from the 
subject. 

The direct method of observing and counting 
eye blinks by a skilled experimenter was em- 
ployed. On arrival at the laboratory the sub- 
ject was adapted for five min. to the illumination 
used. During this time he was told that he 
would be asked to do some ordinary reading, 
and that we wanted him to read the material 


* The writer is grateful to the University of 
Minnesota Graduate School for a research grant 
to finance this study. 


just as he was accustomed to read material of 
that kind, that is, to read it just as he would if 
he were reading at home as a leisure activity. 
Then the subject was told to read the material at 
his usual rate and with his usual attitudes, to 
start at the indicated place, and to continue 
until stopped. 

The odd-numbered subjects read under two 
footcandles of illumination at the first session 
and under 100 footcandles at the second session. 
The even-numbered subjects read under 100 
footcandles at the first and under 2 footcandles 
at the second session. (Luckeish and Moss (2) 
employed 1, 10, and 100 footcandles. The 2 
and 100 footcandles used here approximate their 
lower and upper limits.) If the subjects asked 
what the experiment was about, they were 
merely told that we wanted to know how well 
they liked to read under different kinds of light. 
At the end of the second session, as a gesture, 
each subject was asked which light he preferred, 
the dim or the bright. (Twelve preferred the 
2, and 30 the 100, footcandles.) 

Each subject read for 55 min. under the 2 
footcandles and for the same time under the 100 
footcandles. This is five min. less than the 
Luckiesh and Moss time (2) of 60 min. The 
illumination was periodically checked with a 
recently calibrated General Electric footcandle 
meter. Blinks were tabulated during the first 
five and last five min. of reading at each session. 
The experimenter sat off to the side and slightly 
back from the readers’ visual field. The only 
activity of the subject outside of reading was to 
turn the pages of the book. Every effort was 
taken to maintain normal reading attitudes. 


ReEsu.tts AND Discussion 


The basic data of the experiment are 
listed in Table I. The means and 
standard deviations for the initial 
and final five min. of reading, the cor- 
relation between blinks for initial and 
final five min., and the differences 
between blinks in initial and final 
five min. with critical ratios are given. 
The correlation between initial and 
final number of blinks may be con- 
sidered a measure of reliability. It is 
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TABLE I 


InFiveNce oF IttuminaTion InTENsITY upon Rate or BLINKING 
Durinc 55 Min. or Reapinc 








Last 5 Min. 





Mean 


Diff. % Dif. | Diepig 





23.15 
19.38 


33-90 
35-43 














27.86 87 
24.48 


14 31.6 
32.0 


5.60 
3-97 











8. 
57 8.60 








high (+.87) for the reading under 
two footcandles, but rather low (+.57) 
for the 100 footcandles. The latter 
is high enough, however, for group 
comparisons. 

Examination of the means reveals 
that there is an appreciable increase 
in number of blinks from initial to 
final five min. of reading under both 
levels of illumination. The changes 
in blink rate from the beginning to 
the end of 55 min. of reading, in terms 
of the critical ratio, are both signifi- 
cant at the one percent level. The 
i-test of significance was also com- 
puted. The results here also indi- 
cated significant differences at the 
one percent level: ¢ = 3.76 and t = 
2.65 for 2 and 100 footcandles, 
respectively. 

For two footcandles, the increase 
in blink rate from initial to final five 
min. of reading was 8.14, or 31.6 
percent. Similarily for 100 foot- 
candles, the increase was 8.60, or 
32.0 percent. Thus, we find an al- 
most identical amount of increase in 
blinks for reading approximately an 
hour under 2 and under 100 foot- 
candles. 

It may be of some interest to note 
the performance of those who pre- 
ferred the 2 footcandles as compared 
to those who preferred the 100 foot- 
candles for reading. For the 12 sub- 
jects who preferred the 2 footcandles, 
the mean number of blinks under 2 
footcandles was 27.4 for the initial 
five min. and 32.8 for the final five 


min. with a difference of 5.4. Under 
the 100 footcandles the respective 
figures are 32.6 and 32.1, with a differ- 
ence of —o.5. For the 30 subjects 
who preferred 100 footcandles the 
mean number of blinks under 2 foot- 
candles was 25.1 for the initial five 
min. of reading and 34.3 for the final 
five min., with a difference of 9.2. 
While reading under 100 footcandles, 
the respective figures for these sub- 
jects are 24.5 and 36.7, with a differ- 
ence of 12.2. Thus, for those who 
preferred to read under 2 footcandles, 
there is a suggestion that reading for 
55 min. under 2 footcandles produces 
a greater increase in blinks from 
initial to final five min. than when 
reading under 100 footcandles. For 
those who preferred the 100 foot- 
candles, however, the trend is re- 
versed, i.e., there is a tendency to be 
a greater increase in blinks for reading 
under 100 footcandles than under 2 
footcandles. When the two sub- 
groups of 12 and 30 subjects were 
separated from the total group, the 
arrangement for having subjects alter- 
nate in starting (first observation 
session) with 2 or with 100 foot- 
candles was upset. It seem reason- 
able to infer that more valid results 
are derived from consideration of the 
total group of 42 subjects. 

It is obvious, in terms of the litera- 
ture on the subject, that reading under 
2 footcandles is a more severe visual 
task than reading under 100 foot- 
candles. But these results reveal no 
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such trend. It would seem, there- 
fore, that under these experimental 
conditions, rate of involuntary blink- 
ing is not a valid criterion of ease of 
seeing in reading. 

Luckiesh and Moss (2) obtained 
the number of blinks during the first 
and last five min. of an hour of read- 
ing under 1, 10, and 100 footcandles. 
Eleven subjects were used. Their 1 
and 100 footcandles constituted a 
lighting situation comparable to the 
2 and 100 footcandles in this study. 
In their study, Luckiesh and Moss ob- 
tained mean scores of 35 and 60 
blinks for the first and last five min. 
of reading under the one footcandle, 
and 36 and 39 blinks for the first and 
last five min. of reading under the 
100 footcandles. This means an in- 
crease in blinks of 71.5 percent when 
reading 60 min. under one footcandle 
and only 8.3 percent increase for the 
same amount of reading under 100 
footcandles. The trends in the Luck- 
iesh-Moss results are not in agreement 
with the findings in the present study, 
where the increase in percent of blinks 
from first to last five min. of reading 
for 55 min. was approximately the 
same for the 2 and for the 100 foot- 
candles, i.e., 31.6 and 32.0 percent. 

The fact that I employed 2 and 
100 footcandles while Luckiesh and 
Moss used 1 and 100 footcandles of 
illumination does not prevent a com- 
parison of the trends in the two stud- 
ies. This statement seems valid be- 
cause Luckiesh and Moss found a 
31.4 percent increase in blinks from 
first to last five min. for reading 60 
min. under 10 footcandles. This was 
much more than they found for the 
100 footcandles. I employed 42 sub- 
jects while Luckiesh and Moss used 
only 11. The main effect of using 
more subjects would be to make the 
mean scores more reliable. But the 
similarity of number of blinks during 
the initial five min. of reading under 


MILES A. TINKER 


I, 10, and 100 footcandles by the 
Luckiesh and Moss subjects (35, 35, 
and 36 blinks, respectively) would 
suggest that reliability was probably 
not involved. 

Reasons for lack of agreement be- 
tween trends in the Luckiesh and 
Moss (2) data and those reported 
here are not clear at this time. It 
would seem that the differences can- 
not be assigned to differences in ex- 
perimental method and probably not 
to differences in size of groups studied. 
Apparently the source of the lack of 
agreement must be sought elsewhere. 


SUMMARY 


1. The purpose of this study is to 
measure blink rate while doing normal 
reading under a very low and under a 
relatively high level of illumination 
intensity. 

2. Forty-two subjects read for 55 
min. under 2 and under 100 foot- 
candles of light. Blinks were re- 
corded for the first and for the last 
five min. of reading under each kind 
of illumination. 

3. The number of blinks per five 
min. of reading increased by an al- 
most identical amount from the first 
to the last five min. under the two 
intensities of light. 

4. Under the conditions of this 
experiment, rate of involuntary blink- 
ing does not reflect differences in ease 
of seeing. 


(Manuscript received November 22, 1948) 
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THE EFFECT OF A FIXATED FIGURE 
ON AUTOKINETIC MOVEMENT 


BY RICHARD S. CRUTCHFIELD 


Swarthmore College 


AND 
WARD EDWARDS 


Harvard University 


No completely satisfactory theory 
has yet been offered to account for 
the fact that a small, objectively sta- 
tionary dot of light in a dark room is 
usually seen as moving. Theories 
about this phenomenon, called auto- 
kinetic movement, have been of two 
different kinds. The first attempts 
to explain the phenomenon in terms 
of peripheral processes, for example, 
eye movements. The second postu- 
lates some sort of central process.! 

In 1879, Hoppe (8) proposed that 
autokinetic movement, like other 


illusions of visual movement, depends 
on the functioning of the extrinsic 


eye muscles. The actual causal fac- 
tor was assumed to be either the in- 
nervation of these muscles or the 
shifts of the image of the dot on the 
retina as a result of the ensuing move- 
ments. In 1886, Charpentier (4) 
defended the second of these possibili- 
ties in spite of his experimental find- 
ings, subsequently confirmed by Marx 
(11) and others, which showed that 
large scale eye movements could not 
be involved. In 1928, Guilford and 
Dallenbach (7) studied eye movements 
of much smaller size by means of a 
photographic record and found no 
relationship between these and auto- 
kinetic movement. 


1 An excellent summary of the literature on 
autokinetic movement up to 1928 is found in 
Guilford and Dallenbach (7). Summaries of 
more recent literature may be found in Hovland 
(9) and Skolnick (15). 
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A more recent paper by Skolnick 
(15) contends that the Guilford and 
Dallenbach results are invalid be- 
cause their photographic technique 
was insensitive and because it re- 
corded only horizontal eye movements 
while the most common direction of 
autokinetic movement is vertical. 
On the basis of his own experiments 
Skolnick concludes that the argu- 
ments levelled against the eye move- 
ment hypothesis are invalid, and that 
there is considerable evidence in 
favor of the hypothesis. 

In 1910, Carr (3) proposed strains 
of the extrinsic eye muscles as being 
one important causal factor in auto- 
kinetic movement, on the basis of 
observations, later confirmed by Guil- 
ford (6), that movement occurs in the 
direction of eye strain. Guilford, 
however, cast doubt on this theory 
because he found no correlation be- 
tween strength or weakness of ex- 
trinsic eye muscles and the predomi- 
nant direction of autokinetic move- 
ment for any of a series of subjects, 
and because he felt it more likely that 
the experienced eye strains were a 
“result of the visual phenomenon 
(i.e., autokinetic movement), perhaps 
set up in the attempt of O to inhibit 
the tendency to follow the moving 
light with his eyes”’ (6, p. 409). 

Guilford and Dallenbach (7) and 
Guilford (6) proposed a third ex- 
planation of autokinetic movement. 
They considered it a case of induced 
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movement, resulting from the passage 
of the ‘streaming phenomenon’ across 
the perceived autokinetic dot. They 
offered phenomenological evidence for 
this hypothesis, and pointed out that 
the streams which are involved must 
be, unlike streams described by previ- 
ous authors, such as to involve the 
whole retina at once. 

Any theory of autokinetic move- 
ment dependent on such peripheral 
factors as those proposed above is 
made less plausible by the fact that 
the movement is subject to both vol- 
untary and social control. This is 
shown by a series of studies (1, 2, 3, 
4) culminating in the work of Sherif 
(12,13, 14). In 1935, Sherif (12) 
found that the range and norm of an 
individual’s judgments as to the 
amount of distance covered by the 
moving dot of light could be changed 
by a knowledge of the judgments of 
other individuals perceiving the phe- 
nomenon in the same social situation. 
Quite large and relatively permanent 
changes in the range and norm of the 
individual’s judgments could be thus 
produced. Changes of up to 180 
degrees in the direction of movement 
seen could also be produced in ap- 
propriate social situations. 

It seems unlikely that such volun- 
tary and social influences on auto- 
kinetic movement are mediated 
by peripheral processes. Moreover, 
Voth (16) reports success in using 
autokinetic movement as a method 
of personality measurement. Taken 
together these considerations argue 
for a central determination of the 
autokinetic effect.2 The present pa- 
per offers further support for a theory 


2 Graybiel and Clark (5) also have implied a 
central theory when they suggest that the real 
problem is not why the autokinetic dot moves, 
but rather why more complicated perceptual 
situations do not yield experiences of autokinetic 
movement. 
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of central determination and throws 
some light on its possible nature. 

The experiment to be reported here 
studied the effect of the fixation of a 
particular visual pattern on subse- 
quent autokinetic movement. In es- 
sence the experiment consisted of 
three steps. First, the prevailing 
direction and extent of autokinetic 
movement were determined for the 
subject. Second, a visual figure con- 
sisting of a luminous outline semi- 
circle was fixated for several minutes 
by the subject, the semicircular figure 
being exposed either (a) on the same 
side as the prevailing direction of 
autokinetic movement, or (b) on the 
opposite side. Third, as soon as the 
fixated figure was removed the direc- 
tion and extent of autokinetic move- 
ment were again determined for the 
subject. Comparison was then made 
of the character of the autokinetic 
movement before and after fixation 
of the figure. 


APPARATUS AND SUBJECTS 


The stimulus light for autokinetic movement 
was made by enclosing a standard flashlight bulb 
in a light-tight cardboard container with a cir- 
cular hole one mm. in diameter. The hole was 
covered with one thickness of onionskin paper to 
diffuse the light. An electrical timer controlled 
the length of exposure of the light, the exposure 
time being set at 2.14 sec. per trial. 

It was desirable to insure ample autokinetic 
movement in all subjects, and it had been ascer- 
tained in preliminary work that the humming 
sound of a motor tended to enhance the extent 
of autokinetic effect and to induce it more 
readily in subjects who were slow to perceive the 
movement. For this reason, an electric motor 
which served solely as a sound effect was con- 
nected in parallel so that it ran during exposure 
of the stimulus light. 

The fixation figure consisted of a luminous 
semicircular line (with radius of four in.) and a 
small spot of light located on the bisecting radius, 
one in. from the center of the circle. The line 
was five mm. in width and the spot of light 
five mm. in diameter. The fixation figure was 
cut out of a larger circular cardboard disk, which 
was placed in front of a light-tight box and so 
arranged that the disk could be rotated around 
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its center, thus enabling the fixation figure to be 
presented in any desired orientation. The 
fixation figure was covered with one thickness of 
onionskin paper to diffuse the light. The figure 
was approximately twice as bright as the auto- 
kinetic stimulus dot. The length of exposure 
of the fixation figure was controlled by a timer 
and set at 140 sec. 

The subjects for the experiment were Swarth- 
more College students of both sexes. Since 


none of them had ever heard of autokinetic 
movement and none reported doubt of the ob- 
jectivity of the perceived movement, it can be 
safely assumed that they were completely naive 
for the purposes of this experiment.’ 


PROCEDURE 


The subject was seated in the dark room 15 
feet from the apparatus. He was told that he 
would be shown a moving dot of light and was 
instructed to report orally the estimated amount 
of the movement (in in.) and its direction. He 
was instructed also to draw a line on a pad of 
paper in front of him to represent as closely as 
possible the path of the perceived movement. 

The subject was then given 10 successive 
trials with the autokinetic dot visible for 2.14 
sec. per trial. An interval of roughly 20 sec. 
occurred between trials, during which the 
amount and direction of perceived movement in 
the previous trial were reported and recorded. 

Preliminary experimentation had shown, as 
earlier reported by Sherif (12, 13), that a subject 
quickly establishes a given amount and direction 
of perceived movement which tends to persist 
from trial to trial. With virtually all our sub- 
jects in this experiment a fairly stable direction 
and amount of movement was established by the 
end of the ten trials. For all but two of our 


3 In view of Sherif’s work, and of the notorious 
responsiveness of autokinetic movement to sug- 
gestion, the importance of naivete in subjects 
for such experiments is to be emphasized. For 
instance, in our own preliminary work we dis- 
covered that subjects who were acquainted with 
the subjective character of the phenomenon 
tended to give results different from those ob- 
tained from naive subjects. This suggests a 
possible criticism of many of the earlier studies 
of autokinetic movement cited above. In 
studies other than Voth’s (16) and Sherif’s (12, 
13,14), the subjects were usually either the 
experimenters themselves, or psychologists and 
other individuals familiar with autokinetic 
movement, whose theoretical expectations might 
well influence the results of their observations. 
(This criticism applies to some but not all of 
Skolnick’s experiments.) 
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subjects the movement was either horizontal or 
above the horizontal. 

The 26 subjects in the experiment were di- 
vided randomly into four groups with equal 
numbers of males and females in each group, 
Immediately following the 10 autokinetic trials, 
each subject in Group I was presented with the 
semicircular fixation figure so arranged that it 
was in the prevailing direction of his perceived 
autokinetic movement. ‘That is, if he had 
perceived movement regularly to the right, the 
semicircle was placed at the right, if he had 
perceived movement upward, the semicircle was 
placed above, etc. (See Fig. 1a.) The subject 
was instructed to fixate the spot near the center 
of the semicircle, and the figure was exposed for 
140 sec. Five sec. after the fixation figure was 
removed, the autokinetic light was again pre- 
sented and a record of the movement obtained. 
Thereafter at 15-sec. intervals four more auto- 
kinetic trials were given. All five of these auto- 
kinetic trials were given in an identical way 
with the original series of ten trials before pres- 
entation of the fixation figure. 

Each subject in Group II was treated in pre- 
cisely the same way as those in Group I, except 
that the fixation figure was presented on the side 
opposite to the prevailing direction of the sub- 
ject’s perceived movement. (See Fig. 1b.) 

In Group III, each subject used only his right 
eye during all autokinetic trials and only his left 
eye during inspection of the fixation figure. The 
fixation figure was placed as it was for Group I, 
namely, in the prevailing direction of the auto- 
kinetic movement. 

The subjects of Group IV, the control group, 
were treated like the others in the autokinetic 
trials, but instead of a period of exposure of the 
fixation figure, they were simply required to sit 
in the dark room for an equivalent period. 


REsuULTs 


The extent of autokinetic movement 
in the final five trials before exposure 
of the fixation figure and in the first 
five trials thereafter is shown for all 
four groups in Table I. The effects 
in the various groups can be better 
compared if the extent of autokinetic 
movement in each trial is expressed 
as a percentage of the amount of 


* Only the final five trials before exposure of 
the fixation figure are reported here because in 
some cases a stable amount and direction of 
movement was not yet established in the 
earlier trials. 
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TABLE I 


Mean Amounts oF MoveMENT IN INCHES 
FOR Pre-FixaTION AND Post-FIxaTION 
TRIALS 








Group I | Group II} Group III| Group IV 


(N =6) 




















movement in the last trial before 
exposure of the fixation figure. These 
adjusted data are shown in Table II 
and Fig. 2. The effect is to balance 
out the variation among the groups 
in mean absolute amount of auto- 
kinetic movement (a variation which 
must be presumed to be simply a 
function of the small size of the 
groups, since subjects were assigned 
to the four groups in a random man- 
ner), and this permits a direct com- 
parison of the proportion of reduction 
in autokinetic movement in the sev- 
eral groups. 

Groups I, II, and III show a marked 
drop in extent of autokinetic move- 
ment following exposure of the fixa- 
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TABLE II 


Mean Amounts oF Movement Expressep 
AS A PERCENTAGE OF THE AMOUNT OF 
MoveMENT IN THE Last TRIAL 
Berore Fixation 








Group I1} Group III 


(N =6) 





92% 
113 
92 
97 
100 
Fixation 
period 
56 
7 81 
8 95 
i) 105 
10 102 

















tion figure. Group IV, the control 
group, exhibits no change in extent 
of movement after its period of dark- 
ness interpolated between the first 
set and the last set of autokinetic 
trials. 

The reduction in Groups I, II, and 
III is sharpest for the first trial fol- 
lowing the fixation figure, and on sub- 
sequent trials there is a gradual in- 
crease in extent of movement until by 
the fifth post-fixation trial it has re- 
turned to about the level of the trials 
before fixation. (Group II shows a 
somewhat slower recovery.) The 
drop in the first post-fixation trial 
was exhibited by virtually all sub- 


b 


The semicircular fixation figure exposed (a) on the same side as the prevailing direction 


of autokinetic movement (indicated by the dotted line), and (b) on the opposite side 
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GROUP I 
GROUP Il 
GROUP II] sree eee 
GROUP IV 


MEAN AMOUNT OF MOVEMENT AS A PERCENT 








2 MINUTE PERIOD 
OF FIXATION 








' , ' ' 


! e @# 5 
TRIALS BEFORE FIXATION 
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SS + 2-2. 8 
TRIALS AFTER FIXATION 


Mean amounts of autokinetic movement for pre-fixation and post-fixation trials 


expressed as a percentage of amount of movement in the last trial before fixation 


jects. Only one subject (Group II) 
reported a larger extent of movement 
in the first post-fixation trial, and 
this increase was only } in. Two 
subjects (Groups I and III) reported 
no change in amount of movement. 


All the rest of the subjects reported 
smaller amounts of movement in the 
first post-fixation trial, with decreases 


ranging from one-half to 10 in. The 
individual records are shown in Table 


Ill. 


TABLE III 


Movement 1n Last Triat Berore Fixation (Triat 5) ann First Triau 


Arter Fixation (Triat 6) 1n Incnes ror Eacu Susject 








Group I Group II 


Subject 


Group III Group IV 





Trial 5 Trial 6 Trial 5 
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The mean differences between the 
last trial before fixation and the first 
trial after fixation yield a ¢ of 3.68 
for Group I, a t of 3.04 for Group II, 
and at of 2.52 for Group III. These 
differences are significant at better 
than the one percent level, better 
than the five percent level, and just 
at the five percent level, respectively. 
In Group IV, the mean difference 
between the last trial before inter- 
polation of the period of darkness 
and the first trial thereafter is only 
0.09 in., and obviously not significant. 

No significant variation in prevail- 
ing direction of movement was found 
in the subjects as a result of exposure 
of the fixation figure. 


Discussion 


On the basis of the above results it 
seems perfectly.clear that a period of 
exposure of the fixation figure causes 
an immediate and temporary reduc- 


tion in the amount of perceived auto- 
kinetic movement. Moreover, the 
fact that this reduction is found also 
in Group III, in which the autokinetic 
movement was observed with one 
eye and the fixation figure with the 
other, provides evidence for the con- 
clusion that this reduction effect is not 
peripheral, i.e., retinal, but is central 
in locus. That the extent of auto- 
kinetic movement is so readily sus- 
ceptible to influences which are medi- 
ated centrally argues strongly, we 
believe, for a theory of the central 
determination of the autokinetic phe- 
nomenon itself. 

We can only conjecture about the 
possible nature of the central nervous 
system processes which govern the 
observed reduction in autokinetic 
movement. It is provocative to con- 
sider the possibility of explaining the 
results in terms of the theory of sati- 
ation offered by Kohler and Wallach 


RICHARD S. CRUTCHFIELD AND WARD EDWARDS 


(10). These experimenters propose 
the view that all processes in the visual 
cortex alter the medium in which they 
take place in such a fashion as to 
affect the subsequent occurrence of a 
process in the same or a nearby visual 
area. This alteration they call sati- 
ation. From the point of view of this 
theory of satiation the effect of ex- 
posing our semicircular fixation figure 
would be to alter the medium around 
the process in the visual cortex cor- 
responding to it (the S process) in such 
a fashion that when a process corre- 
sponding to the autokinetic dot (the 
A process) occurs, movement of that 
A process might be expected to be 
hindered by the increased resistance 
of the satiated medium in the area 
surrounding the S process. 

This application of the satiation 
theory can account very well for the 
reduction in extent of autokinetic 
movement found in Groups I, II, and 
III after exposure of the satiating 
fixation figure in the vicinity of the 
location of the autokinetic dot. It 
accounts also for the gradual recovery 
in amount of the autokinetic move- 
ment to its pre-satiation level, since 
the satiation is assumed to wear off 
gradually. 

But the theory would also seem to 
call for a difference in the amount of 
the reduction effect in Groups I and 
II, though no such difference was 
actually found. For Group I the 
fixation figure was exposed on the 
same side as the prevailing direction 
of perceived movement, while for 
Group II it was exposed on the op- 
posite side. One might expect, there- 
fore, that the amount of reduction in 
Group I would be greater than that 
in Group II, since for the former the A 
process might be thought of as moving 
into the region of maximal satiation 
at the place of the S process, while for 
the latter the A process might be 
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thought of as moving away from the 
region of maximal satiation. 

The fact that this expected differ- 
ence in reduction between Groups I 
and II was not found can be har- 
monized with the satiation theory by 
making the assumption that the rela- 
tively long two-min. period of expos- 
ure of the fixation figure resulted in 
fairly intense and uniform satiation 
over an area sufficiently extensive 
for the movement of the A process 
to be equally impeded in any direc- 
tion. This assumption can be tested 
experimentally by decreasing the time 
of exposure of the fixation figure, 
which would serve to reduce the gen- 
eral level of satiation and hence per- 
mit the establishing of a differential 
amount of satiation for the A process 
in the directions toward and away 
from the place of the S process. The 
authors will later report experiments 
of this nature in which the exposure 
time for the fixation figure is de- 
creased to one min. 

The authors believe that the results 
cannot be accounted for by practice 
in fixation. There appears to be no 
evidence that degree of fixation affects 
autokinetic movement. Also, the re- 
duction in autokinetic movement 
would scarcely be expected to dis- 
appear so rapidly after the first or 
second post-fixation autokinetic trial, 
since it would not seem likely that 
the improved ability to fixate should 
disappear so quickly. 


SUMMARY 


The object of the experiment re- 
ported here was to determine the 
effect of the prolonged fixation of a 
particular visual pattern on subse- 
quent autokinetic movement in the 
region of the pattern. The experi- 
ment consisted of three steps. First, 
the prevailing direction and extent 
of perceived autokinetic movement 
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were determined for each of the 26 
subjects. Second, a visual figure 
consisting of a luminous outline semi- 
circle was fixated for two min. by the 
subject, the semicircular figure being 
exposed either (a) on the same side 
as the prevailing direction of auto- 
kinetic movement for that subject, 
or (b) on the opposite side. Third, 
as soon as the fixated figure was re- 
moved the direction and extent of 
autokinetic movement were again 
determined for the subject. For some 
subjects the autokinetic movement 
was observed with one eye and the 
fixation figure with the other eye. 
A control group was given a two 
minute period of darkness instead of 
the fixation figure. 

A comparison of the autokinetic 
movement before and after exposure 
of the fixation figure revealed the 
following: 

1. The exposure of the fixation 
figure caused a marked reduction in 
extent of autokinetic movement, the 
reduction being immediate and tem- 
porary only. 

2. This reduction was also found 
for subjects who viewed the auto- 
kinetic movement with one eye and 
the fixation figure with the other, thus 
implying a central rather than a peri- 
pheral mediation of the reduction 
effect. 

3. The same amount of reduction 
occurred whether the fixation figure 
was placed on the same side as the 
prevailing direction of perceived 
movement or on the opposite side. 

4- No effect on direction of auto- 
kinetic movement was found. 

These results are discussed in light 
of the Kohler-Wallach theory of sati- 
ation in figural after-effects, and the 
need for certain further experiments 
to test this interpretation is indicated. 


(Manuscript received for immediate 
publication April 6, 1949) 
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THE DISCRIMINATION OF SMALL DIFFERENCES IN THE 
TIME OF MECHANICAL STIMULATION* 


BY F. L. SMITH, A. L. SWEET,! AND N. R. BARTLETT? 


The Johns Hopkins University 


The present experiment was per- 
formed to get some idea of the ability 
of Os to discriminate tactually differ- 
ences in the phase of vibrations. We 
had both basic and practical objectives 
in mind in doing such an exploratory 
experiment. 

On the basic question how well Os 
discriminate phase differences in vi- 
bration, the existing literature has 
little to say. There have been a 
great many studies of vibration sensi- 
tivity. In these studies, however, 
the interest has been in high fre- 
quencies and in the frequencies and 
amplitudes of vibration which are 
just detectable by Os (1, 2, 3, 4, 5,9, 
10). None has attacked the problem 


of discriminating differences in phase 
of two vibrating objects which have 
the same frequency and same ampli- 


tude of vibration. Since phase is one 
property of vibrational stimulus and 
since phase of auditory stimuli has 
been a factor commanding consider- 
able attention, this factor in vibra- 
tional stimuli seemed worth looking 
into. 

As a practical matter, too, there is 
the question whether phase-differ- 
ences in vibration might ever prove 
useful as a means of presenting in- 


*This research was supported in part by 
contract Nsori-166, Task Order I, between the 
Special Devices Center, Office of Naval Research, 
and The Johns Hopkins University. This is 
report No. 166-I-87, Project Designation No. 
NR-784-001, under that contract. 

1Now at the Psychology Section, Radio 
Division III, Naval Research Laboratory, Ana- 
costia, D. C. 

*Now at the Department of Psychology, 
Hobart and William Smith Colleges, Geneva, 
New York. 


formation to, say, a machine operator. 
The use of tactual cues would seem to 
offer advantages with apparatus whose | 
operation requires response to several 
simultaneous indications. If the op- 
erator’s hands, in addition to manip- 
ulating the controls, can be ‘built 
into’ an instrument system, then 
there would be less burden upon his 
visual and auditory senses. These 
senses would, as a consequence, be 
more free to handle information from 
other channels. 

So this study concerns the use of 
phase as a sensory cue in discriminat- 
ing vibrations of low frequency. Put 
another way and more specifically, 
the study gives us measurements of 
sensitivity to differences in the time of 
mechanical stimulation of the finger 
tips. Measurements have been made 
for five different rates of stimulation. 


APPARATUS 


A diagrammatic sketch of the apparatus used 
is included in Fig. 1. Two wooden 4-in. dowels 
were mounted on a common horizontal axis (a) 
about one-third the distance from the ends fac- 
ing O. Vertical movement was imparted to the 
dowels by two eccentrics (E;, E,;) mounted on a 
common axle so that their speeds were identical. 
Changes in rate of movement were made possi- 
ble by different combinations of belt-drives con- 
necting the axle of the eccentrics with a motor. 
Phase relations of the dowels were changed by 
means of the graduations on the eccentrics and 
two reference pointers (P; and P;). Setting 
eccentric E; to the zero position as indicated by 
the reference pointer P, permits the adjustment 
of eccentric E; simply by setting the degree 
phase difference desired against the pointer Ps. 

The dowels were so mounted on the eccentrics 
that the ends used by O had an excursion of 
approximately } in. 

In this experiment, five different speeds were 
used: 50, 72, 288, 710, and 830 rpm. Speed was 
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regularly checked with a tachometer on the 
eccentric axle. 


PROCEDURE 


The ends of the dowels presented to the Os 
moved through a total excursion of about } in. 
The O placed the first and middle figures on the 
ends of the dowels and reported whether the 
dowels were in phase or out of phase. Reaction 
time was measured from the time of contact of 
O’s fingers with the dowels to the beginning of 
his verbal response. Both reaction time and the 
verbal response were recorded. 

As we said before, five speeds were used. At 
each speed, the observer had to make judgments 
of phase differences varying between zero and 
180 degrees. Each O made five judgments of 
each phase difference for each speed. The 
number of settings of phase differences varied 
for different speeds in order to provide the 
greatest number of judgments in the vicinity of 
what, in preliminary tests, appeared to be the 
threshold. 

Five male subjects were used. Since the 
right hand was the preferred hand for all five 
Os, it was the hand used in all measurements. 

There were two measures of Os’ judgments. 
One was reaction time, which always was re- 
corded whether the judgment was correct or not. 
The other was the percentage of judgments that 
the dowels were out of phase. To display the 
results graphically, all phase differences have 
been converted from degrees (in which the ap- 
paratus was calibrated) to time-differences. 


A 
N 
A 


Diagrammatic sketch of apparatus 


REsULTs 


Results are presented in Table I. 
The table gives the data for each of 
the five speeds used. Each value in 
the table is for 25 readings (five 
readings for each of five Os). An 
inspection of Table I shows the re- 
action times for zero phase difference 
to be consistently shorter than the 
times required for accurate judgments 
of near-threshold phase differences. 
This is probably to be expected on the 
basis of psychophysical theory if the 
judgments at zero phase difference 
are regarded as being toward the 
negative | ‘easily discriminated’ end 
of the function. Fig. 2 shows the 
reaction time as a function of phase 
difference in seconds. Functions are 
traced only through the range of 
phase differences for which the judg- 
ments ‘out of phase’ were made at 
least 60 percent of the time. Note 
that there is a systematic tendency 
for reaction time to decrease as the 
phase difference is increased. And, 
in general, judgments for the faster 
speeds of oscillation take less time. 
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TABLE I 


Mean Reaction Times 1n Seconps, AND Percentaces Jupcep ‘Out or Puase’ at 
Various Puase Dirrerences For 5 SPEEDS OF OSCILLATION 
Means based on 25 readings, 5 readings for each of 5 observers 
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Fic. 2. Reaction time to make a phase discrimination for different amounts of phase- 
difference in milliseconds. The different curves are for different rates of oscillation. 
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Fig. 3 is a plot of the percentage of 
judgments ‘out of phase.’ This plot 
includes all data, irrespective of the 
reaction time. Comparison of Fig. 
3 with Fig. 2 shows that the asymp- 
totes for the two kinds of plot, for any 
frequency, are not reached at the same 
phase difference. Thus, reaction time 
continues to decrease for increase in 
phase difference beyond the earliest 
point at which the difference can be 
detected 100 percent of the time. 

Fig. 4 is another plot of the reaction- 
time data in Table I. For the figure, 
the reaction-time has been converted 
into the number of oscillations that 
occurred during the _ reaction-time 
period. Thus, the ordinate becomes 
the reaction-time in number of cycles 
of oscillation. Whereas Fig. 2 shows 
the reaction time to be reasonably 
similar for all speeds, with the faster 
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speeds producing somewhat faster 
reactions, Fig. 4 shows that the 
number of stimulations required in- 
creases markedly for the faster speeds. 

In general, the faster the rate of 
stimulation, the more quickly can a 
subject discriminate whether the two 
stimuli are in or out of phase; and the 
faster the movement, the less the time 
equivalent of the minimum percepti- 
ble phase difference. This general 
rule appears to hold up to a certain 
limiting speed. Thereafter discrim- 
ination falls off with further increase 
in speed. It appears, therefore, that 


there is an optimum rate of stimula- 
tion for quick reliable judgments. 
Inspection of Fig. 2 for reaction time, 
and of Table I for the percentage 
judged ‘out of phase,’ indicates this 
optimum to lie somewhere between 
the 288 and 830 rpm conditions. 
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Percent of differences judged correctly as a function of the phase-difference in seconds 
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Fic. 4. Reaction time to make a phase discrimination converted into number of 
cycles of vibration plotted against phase-difference in seconds 


DiIscussIOoN 


Before summarizing the conclusions 
that are indicated by the experiment, 
several points concerning the results 
will be touched upon. 

It should be pointed out that our 
technique for assessing reaction time 
was crude, and therefore the final 
asymptotic level of the order of 1-1} 
sec. in Fig. 2 may be invalid. The 
same point applies to the end-points 
for the functions in Fig. 4. Reaction 
times of the order of 0.5 sec. were the 
smallest that could be measured with 
our technique. As a consequence, 
the higher speeds, even at a phase 
difference of 180 degrees, appear to 
have long latencies as measured in 
number of cycles. In other words, 
our technique makes these end-points 


appear to be a direct function of the 
speed at which the dowels are moving. 
A more careful analysis of the mini- 
mum reaction time, especially for the 
fast speeds of oscillation, is therefore 
indicated before the values for the large 
phase differences can be accepted. 

It is of note that in Fig. 2 the func- 
tion for reaction time against phase 
difference for the speed of 830 rpm is 
between those for 72 and 288 rpm. 
This fact suggests the possibility that 
a somewhat different sensitivity is 
involved in the judgments at this 
highest speed. It was observed that 
all observers changed their method of 
‘following’ the dowels with their 
fingertips at the high speed. With 
the slower speeds, the fingertips, 
placed on the top surface of the 
dowels, followed the dowels through 
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their complete excursions. At the 
highest speed of 830 rpm, however, 
the fingers were held in a fixed posi- 
tion, and the dowels merely hit them 
once per excursion. This change in 
the mode of stimulating the fingers 
might have something to do with the 
receptors involved in the discrimina- 
tion. For the lower speeds, the whole 
fingers moved making possible kin- 
esthetic stimulation in muscles and 
joints. At the high rates of vibration, 
the stimulation was confined primar- 
ily to the pads of the finger tips. 
How this factor affects the discrim- 
inative functions, we do not know. 


SUMMARY AND CONCLUSIONS 


Five Os were asked to judge 
whether two vibrating dowels under 
the finger tips of the first and middle 
fingers were in phase or out of phase. 
Their reaction time and their ac- 
curacy of judgment were then meas- 
ured. Speeds up to 830 rpm were 
used. Phase differences between zero 
and 180 degrees were studied. 

The following are the chief results 
of this exploratory study: (a) Os can 
perfectly discriminate phase differ- 
ences of 180 degrees at speeds up to 
the 830 rpm, the highest used in the 
study. (b) If three sec. are allowed 
for judgment, phase differences of the 
order of 40-50 msec. can be detected 
accurately at §2 rpm; of 30-40 msec. 
at 72 rpm; and 17-25 msec. at 288, 
710 and 830 rpm. (c) As the time 
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allowed for the judgment to be made 
decreases, larger phase differences 


are required for accurate judgment. 
(d) There appears to be an optimum 
rate of movement for quick and ac- 
curate judgments of phase difference. 
It was not carefully measured in this 
study but lies in the general region, 
probably, of 300-700 rpm. 


(Manuscript received for immediate 
publication April 1, 1949) 
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‘SPREAD OF EFFECT’ WITHOUT REWARD OR LEARNING 


BY FRED D. SHEFFIELD 
Yale University 


PuRPOSE 


In a previous study (5) evidence 
was obtained that Thorndike’s (8, 9) 
spread of effect is an artifact not di- 
rectly related to the reinforcing effect 
of reward. The phenomenon was 
found instead to be understandable 
in terms of guessing habits of the 
subjects, the role of reward appar- 
ently being only to insure more repe- 
tition of rewarded than of unrewarded 
responses. The present experiment 
was undertaken to provide a crucial 
test of the interpretation that a 
‘spread of effect’ is produced by guess- 
ing habits alone. It is assumed that 
the reader will be fairly familiar with 
Thorndike’s ‘spread of effect’ and its 
significance for Thorndike’s theoreti- 


cal position, so no summary of the 


literature is included here. For a 


recent review, see Hilgard (2). 


METHOD 


The experiment avoided all reward or learn- 
ing; it tested for Thorndike’s phenomenon with 
chance repetitions in the course of guessing se- 
quences. According to the guessing-sequence 
explanation one should find the phenomenon 
whether repetition is caused by learning of cor- 
rect responses or whether repetition is simply 
due to chance. 

The experiment was conducted with a group 
of 155 Yale undergraduates in a second-term 
course in general psychology. The students 
were told that the purpose was to check on the 
‘clairvoyance’ findings at Duke University. 
They were asked to try to divine by clairvoyance 
the order of digits in four specified columns of 
Tippett’s (11) tables of random numbers. It 
was hoped that the use of this ruse would make 
the guessing of numbers seem sensible to the 
students. Guesses were recorded by the sub- 
jects on mimeographed sheets having four 
columns of 50 spaces each. The following in- 
structions were read: 


You are going to try and guess the numbers 
in four of the columns from this table of ran- 
dom numbers. We will do one column at a 
time and will not start a new column until all 
have completed the preceding one. I have 
selected, as the first column that you will guess, 
the last column of the first page in the table of 
random numbers. You will record your 
guesses for this column in the 50 spaces pro- 
vided under the letter ‘A’ on your answer 
sheet. Make your guesses in order, that is, 
guess the first number in the column, then the 
second, and so on, down to the soth and last 
number. If there is no clairvoyance your 
guesses will be right only by chance—to the 
extent that clairvoyance operates you will 
guess the numbers printed in the table more 
often than chance allows. It may help to try 
and visualize the numbers as if seeing them 
printed in the table. In any case always 
write down your first impression and move 
along fairly rapidly. You should spend no 
more than 2 or 3 seconds per number. That 
is, it should take only about two minutes to 
fill in column A. When you have finished A, 
wait, do not go on to column B. Remember 
you are to guess only single-digit numbers 
ranging from o through 9. These are in a 
random order in the table and you are to try 
and divine this order. Are there any ques- 
tions? 


Reading these instructions led to unforeseen 
questions about the exact meaning of ‘random 
numbers,’ and the experimenter was obliged to 
extemporize a few additional sentences in which 
it was stated that a random sequence of the 10 
digits is one in which chance alone operates and 
each digit is equally likely to appear at any 
point. In addition the students were asked to 
visualize successive drawings from a large con- 
tainer filled with a well-stirred mass of small and 
uniform capsules, each of which contained one of 
the 10 digits, there being the same number of 
capsules for each digit. 

The instructions for the remaining three 
columns, given as each column was successively 
completed, were as follows: 


Column B 
Are there any questions before we go on to 
the next column? Before we go on to the 


next column take a sheet of paper and cover 
up your guesses in column A. For column B, 
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I have selected the last column of the third 
page in the table of random numbers. You 
may begin column B now. 

Column C 


Is everyone finished? Then start in on C, 
for which I have selected the last column of the 
fifth page of random numbers. Keep both 
A and B covered up with your sheet of paper. 
Column D 


Is ever,one finished? Then do column D, 
which is the last column of the seventh page 
in the table. Keep A, B, and C well covered. 


RESULTS 


Analysis of results was made as 
similar as possible to that used in the 
earlier spread of effect studies. The 
four columns of 50 guesses each were 
treated as if they were responses on 
four presentations of a list of 50 
stimuli. Each repetition of the same 
guess in the same ordinal position in 
two successive columns was scored 
as a ‘repeat’ and the presence or ab- 
sence of other repeats in the five fol- 
lowing positions was determined. 
Analysis was restricted to following 
positions because the present proce- 
dure necessarily produces a sym- 
metrical ‘before’ and ‘after’ gradient. 
If, for example, two repeats are sep- 
arated by one non-repeat, the first 
repeat is two ‘before’ and the second 
is two ‘after.’ This differs from 
Thorndike’s studies, in which re- 
warded and unrewarded repeats are 
distinguished. In the present study 
repeats are undifferentiated: all are 
unrewarded so there are no reward 
points to separate before and after 
gradients. The present analysis is 
essentially a test of whether repeats 
tend to come in clusters as implied by 
the guessing-sequence hypothesis. 

To facilitate analysis the guesses 
were punched on IBM cards, there 
being four cards of 50 guesses each 
per subject. By superimposing pairs 
of cards, the points at which repeats 
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occurred readily appeared as joint 
punches. 

Findings are shown in Table I, 
which gives the percent of repeats in 
the designated positions after each 
chance repeat. It can be seen that a 
descending gradient of mean percent- 
age of repeats was obtained, in which 
the high point is in the position one 
after, and the low point—approxi- 
mately chance—is obtained in the 
fifth position following a repeat. 


TABLE I 


GRADIENT OF REPETITION FOLLOWING 
Cuance REPEATS 








Position After Chance Repeat 


ata fas 


11.4 | 11.2 | 10.6 | 10.2 








Percent Repetition 











A statistical problem in most spread 
of effect studies is that the N on 
which percent of repetition is based 
is the number of responses, whereas 
the experimenter wishes to generalize 
to his population of subjects. This 
could be avoided by giving each sub- 
ject a percentage-of-repetition score 
at each position before or after reward 
and averaging these scores over all 
subjects. The difficulty with this 
proceduré is that such scores tend to 
have a very skewed distribution which 
makes the application of normal 
statistics questionable. A given sub- 
ject may show only a few rewarded 
repeats, and the modal unrewarded 
repeat score tends to be close to zero. 
To circumvent this difficulty in the 
present analysis, the 155 subjects were 
broken down into 15 random sets of 
10 each, five being discarded at ran- 
dom to bring the N down to 150. 
Percentage of repetition was then 
computed in each sub-group in the 
usual way—in which N is the number 
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of responses. This gave fairly sym- 
metrically distributed sample per- 
centages and 14 degrees of freedom to 
evaluate mean differences between 
the different positions following a 
repeat. In effect the population sam- 
pled consisted of successive inde- 
pendent experiments of 10 subjects 
each. 

Using this procedure the difference 
in percent repetition between posi- 
tions one and two after reward had a 
P-value of .03, that between position 
one and all other points had a 
P-value of less than .o1. 


Discussion OF RESULTS 


The chief conclusion is that the 
guessing-sequence hypothesis is con- 
firmed under circumstances in which 
differential effects of reward were 
absent. The results give positive 
proof of the operation of the guessing- 
sequence factor in producing an 


‘after’ gradient. It is believed that 
the results demonstrate a factor 
sufficient to explain entirely Thorn- 
dike’s gradient, in terms that do not 
assume the automatic reinforcing 
effect of reward postulated by Thorn- 
dike (8, 9). 

A discrepancy between the present 
results and what might be expected 
from the guessing-sequence hypothe- 
sis is the relatively low level of repeti- 
tion despite the fact that repetition in 
the zero position was 100 percent. It 
seems probable that one factor con- 
tributing to this is the lack of any 
stimulus terms, so that word-number 
associations and incidental learning of 
chance guesses do not raise the level 
of repetition. Another possible fac- 
tor is that the subjects were self-con- 
sciously trying to make a random dis- 
tribution of numbers. The nature 
of random numbers was probably 
over-emphasized in the instructions, 
and, since the subject could keep 


track of his guesses within any column 
of 50, he might be less subject to in- 
fluence from previous guesses. Fur- 
ther, the subjects were not distracted 
by any learning task and may there- 
fore have been less prone to guess in 
automatic sequences. 

Despite the questions raised by the 
low level of repetition, the guessing- 
sequence factor was demonstrated to 
be sufficient to produce an ‘after’ 
gradient. It would not, of course, 
produce the ‘before’ gradient gener- 
ally considered part of Thorndike’s 
phenomenon. However, the evidence 
for a true ‘before’ gradient is com- 
pletely lacking. In two of the most 
extensive studies of the phenomenon 
—by Brandt (1) and by Zirkle (12, 13) 
—the ‘before’ gradients have about 
zero slopes. Before gradients demon- 
strated in comparisons using only re- 
warded repeats (5,7) are subject to 
an artifact of selection previously 
described (5). Further, Tilton (10) 
demonstrated an artifact by which the 
procedures used by Thorndike could 
cause the before gradient to be an 
artifact of the after gradient. And 
Hilgard (2) has recently pointed out 
a previously unnoticed artifact which 
contributes to both gradients, at least 
in some of the earlier studies in which 
many repetitions of lists were used. 
It seems fair to say that an ‘after’ 
gradient is well established but that 
there is no proof of a ‘before’ gradient. 
It is this ‘after’ gradient which can be 
explained by the subjects’ guessing 
sequences. 

Zirkle (12,13) has presented find- 
ings which he interprets as evidence 
that Thorndike’s phenomenon is a 
spread of effect of the isolation factor 
described by von Restorff (6). Ac- 
cording to Zirkle, saying ‘right’ iso- 
lates the rewarded response, making 
it better remembered. He believed 
the isolation factor spreads to neigh- 
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boring responses because of their 
‘association’ with the rewarded re- 
sponse. However, Zirkle’s theory 
does not explain a number of the rele- 
vant facts, including his own finding 
(12), that if stimuli are rearranged in 
successive trials the correct response 
is attached to its stimulus but the 
incorrect adjacent responses are not 
attached totheirs. Instead the spread 
is found after the correct response in 
its new position. If isolation accounts 
for the connecting of the correct re- 
sponse to its stimulus it cannot account 
for the spread, in which responses 
fail to be connected to their stimuli. 
Furthermore, findings subsequent to 
Zirkle’s presentation of his theory are 
negative. Isolation does not account 


for the fact that spread is found only 
for rewarded repeats (3, 5, 7), and in 
a direct test for the spread of isolation 
in serial learning Jenkins and Postman 
(4) found the von Restorff effect on 


isolated items but a negative effect 
on adjacent items. 

On the other hand, Zirkle’s results 
with isolation can be readily explained 
by the guessing sequence factor, 
assuming only the well known fact 
that isolation assists learning of the 
correct response and thereby makes 
it more frequently repeated. Zirkle 
found that increasing isolation in- 
creased spread, but isolation also 
always increased repetition of the key 
response. Furthermore Zirkle’s ex- 
periment with rearranged stimuli, 
which is not explained by his theory, 
is strong positive evidence for the 
guessing-sequence explanation. This 
result has recently been confirmed, 
with adequate statistical tests, by 
Jenkins and Cunningham (3). 

Most, if not all, of the major find- 
ings in studies of the spread of effect 
are readily explained in terms of the 
guessing-sequence factor. This was 
shown for earlier findings in a previ- 


FRED D. SHEFFIELD 


ous study (5). The more recent im- 
portant findings of Zirkle (12, 13) have 
been shown in the present discussion 
to be in line with or in support of 
the guessing-sequence interpretation. 
The same is not true of any other 
interpretation. This fact is not made 
clear in Hilgard’s review (2) of stud- 
ies in this field, which treats guessing- 
sequences as a possible factor rather 
than as the one most parsimonious 
explanation of all of the relevant 
facts. It is believed that the present 
study provides some new relevant 
facts that can be explained in no other 
way. 


SUMMARY 


1. Subjects were asked to try to 
divine—through clairvoyance—the se- 
quence of random numbers in four 
specified columns of Tippett’s tables. 

2. The guessing sequences obtained 
were subjected to a spread-of-effect 
analysis in which chance repeats in 
the same ordinal position in successive 
columns were treated as if they were 
rewarded responses in a spread study. 

3. The result was a reliable ‘after’ 
gradient such as is found in spread-of- 
effect studies. The findings confirm 
the ‘guessing-sequence’ explanation 
of Thorndike’s phenomenon and pro- 
vide a ‘spread of effect’ that cannot be 
explained by the alternative theories 
of Thorndike and others. 


(Manuscript received for immediate 
publication May 26, 1949) 
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